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A comprehensive series of experiments, 
united with exhaustive theoretical investi- 
gation into the relation of safe loads to ul- 
timate strength is greatly needed. Not 
merely are there wide differences in the 
practice of the most accomplished engineers 
in this respect, but even the fundamental 
principles upon which the various practices 
are founded seem to be arbitrary rather than 
rational. In England, where experiences 
have been wider, and where the economical 
aspects, certainly, of engineering have been 
more assiduously cultivated, the arbitrary 
character of practice is a marked feature. 
Thus, the Board of Trade regulations pre- 
scribe that the working load shall never 
subject any part of an iron structure to more 
than five tons of tensile strain per sq. inch. 
It is obvious that the nearness of this stand- 
ard to the highest economy will depend, in 
& great measure, upon several considera- 
tions, either one of which may modify ex- 
tensively its value. First, the resistance of 
wrought iron to crushing is less than to ex- 
tension, whether we take its ultimate resist- 
ance or its moduli of elasticity. The ratio 
of these two resistances may be stated at 4, 
so that if five tons per square inch are just 
a safe load for tensile strains, they are un- 
safe for compressive strains; and since, in 
girders of a symmetrical cross section, these 
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two strains are equal, the fallacy of such a 
standard becomes apparent. Secondly, the 
qualities of different grades of iron differ 
widely both in respect of tensile strength 
and homogeneity ; and, it may be added, in 
the ratio of tensile to compressive resist- 
ance—circumsiances whose modifying effect 
is too plain to need comment. Thirdly, the 
details and kind of structure may be such 
that vital parts may be exposed to strains 
more complicated than simple tensile or 
compressive stress, the exact nature of 
which may not be fully ascertained nor con- 
templated in such an estimate of strength. 
Other considerations may also be suggest- 
ed, which show, in the aggregate, that no 
such arbitrary standard can insure the high- 
est economy of strength consistent with per- 
fect safety. The wide differences of opinion 
on this subject may be illustrated by stating 
that when, a few years ago, it was made a 
subject of special inquiry by Parliament, 
Mr. Glynn, in his evidence, recommended 
that a cast iron bridge should never be load- 
ed beyond one-tenth of its ultimate strength. 
Mr. Stephenson and other accomplished 
builders recommended one-sixth, and Mr. 
Brunel thought one-third, or even two-fifths, 
a safe margin. Perhaps there is less, much 
less, difference in the practice of to-day than 
in that of twenty years ago; the various 
factors of safety ranging, generally, between 
one-fourth and one-sixth. But even here it 
may be fairly asked, how much of this ap- 
proach to uniformity is merely arbitrary, 
and how much is founded upon sound theory 
and carefully considered practical and expe- 
rimental results. Probably a great deal of 
the former, and very little of the latter. 
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With the increased knowledge now pos- 
sessed of the nature and properties of iron, 
and its behavior under loads, it would seem 
that a series of experiments might be insti- 
tuted with a fair prospect of most valuable 
results. In the smaller structures, which 
are thrown up daily in our cities and over 
streams, the matter may not possess such 
vital importance, though even here the fre- 
— failures recorded call loudly for re- 
orm. 

But the tendency of to-day is towards 
structures which, a few years ago, would 
have been thought as romantic as air castles, 
and in these economy possesses a vital im- 
portance ; indeed, may frequently constitute 
just the difference between the practicable 
and the impracticable. With every increase 
of size the weight of « structure bears a 
larger ratio to its strength, so that, with 
given proportions of members, it is easy to 
calculate the limit at which the whole avail- 
able strength of it is employed in sustaining 
its own weight. It is clear, then, that every 
new acquisition of knowledge which will en- 
able us to determine, with tolerable certain- 
ty, the smallest margin of safety, amounts 
to an extension of the limits of practicabil- 
ity, and to a decided facility in constructions 
within those limits. We hope to indicate 
the directions in which theoretical and ex- 
perimental research may become useful, and 
the facts which may be made the basis of 
investigation. 

1. The behavior of materials, particularly 
of iron and steel, under those strains which 
can be produced experimentally, should be 
especially and primarily noticed. It seems 
to us that the use of the ultimate strength 
of iron, as a standard of reference in deter- 
mining its available strength, is bad in prin- 
ciple. Ultimate strength, in its general ac- 
ceptation, means the resistance of a standard 
bar or rod of the material to rupture by 
forces applied to it when new, and applied, 
too, during a very brief portion of time, 
possibly only once. The testing machines 
usually employed exert their power upon 
bars of metal fresh from the forge, and ren‘ 
them by a single effort in a few seconds or 
minutes. There is, in all!this, nothing ana- 
logous to rupture produced by protracted 
wear and tear. We must consider, not 
merely the well known fact that materials 
change their molecular structure by time, 
and the long continued and repeated appli- 
cations of forces, but that the amount and 
kind of change so effected, and the exact 





results upon its strength are quite un- 
known. 

2. Still more pertinent to the ease is the 
fact that the ultimate strength is of little 
consequence, because no structure must be 
subject to strains beyond the limits of elas- 
ticity. The force under which marked and 
permanent changes take place in the forms 
or dimensions of the materials used is neces- 
sarily without the limit of safety, for our 
knowledge of materials assures us that in 
such a case rupture is merely a matter of 
time. This lower limit, then, is the only 
one which practically bears upon the case, 
and its relation to the higher one of ultimate 
strength is by no means understood. It is 
even doubtful whether any definite relation 
exists at all. 

Experiments upon the ultimate tensile 
strength of materials have been numerous 
and almost exhaustive. Nearly every book 
treating of materials contains tolerably com- 
plete tables, both of tensile, compressive 
and transverse strength, determined experi- 
mentally. What is far more essential is a 
reliable table of strains at which these same 
materials begin to elongate, or collapse into 
permanent set. To deduce these strains 
from the ultimate strength is impossible, as 
the following examples, found in Barlow, 
will show. The experiments were made by 
Mr. Brunel. 
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The iron used was the best Yorkshire, 
hammered in rods §” and 3” square. 

We must here lay down, as well as we are 
able, what we understand by the limit of 
elasticity in any particular case. In the 
preceding table the specimens ostensibly be- 
gin to change their forms and dimensions 
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under a stress somewhere near three-fourths 
the breaking stress. But it is well known 
that both wrought and cast iron take perma- 
nent set at far lower stresses. Indeed, it is 
asserted by some eminent authorities that 
any application of force, however slight, 
will produce permanent change in iron, 
though the change may be so small as to 
escape detection by the most delicate mea- 
surements. Allowing this to be true (for 
there is no intrinsic improbability in it, al- 
though it has no practical importance) is 
there any essential difference between the 
set produced by the application of twenty 
tons per inch, and that by the application of 
one ton, excepting the difference in degree ; 
in other words, is there any essential differ- 
ence in the nature of the changes produced 
by the two cases in the molecular arrange- 
ment of the material? We venture to sug- 
gest that there is an essential difference. It 
is well established, by many experiments, 
that iron stretched by weights not exceed- 
ing, say, one-thirl] the ultimate strength, 
resumes early its original dimensions; but 
not exactly. The difference is called the 
set. Weare left to infer that this difference 
is the result of certain molecular changes, 
but can only surmise their character. Some 
light may be thrown upon the subject by | 
connecting together the following facts. All| 
varieties of iron consist of agglomeration of 





minute crystals, octahedral in their funda- 
mental forms, but in most cases also fibrous | 


or minutely acicular, both in cast or wrought | 
iron. The major axes of these crystals have 





peculiar action of rolling and hammering is 
considered, it is more than probable that 
some of the fibers are left in a state of ini- 
tial tension, and othe:s jn a state of initial 
compression. Under uch conditions the 
application of even a sliget degree of force 
may be sufficient to protjce molecular 
change at points where such ttnsions exist 

In the case of tensile stress, the limit of co- 
hesion between two contiguous atoms may 
thus be exceeded, and a redistrbution of 
atoms will be most likely to take place by 
the sliding of other atoms into the ‘aterval 
produced, so that when the stress is renoved 
the tendency to a perfect restoration m re- 
sisted at this particular point. In the case 
of compressive stress, the atoms at pointsof 
initial compression may be thrust out of 
their original situations, and contact effected 
between atoms which were before separate. 
and the tendency to restoration after the 
removal of the stress no longer exists at 
these points. If we suppose, as is most 
natural, that these initial forces are of all 
degrees of intensity between zero and the 


| limit of elasticity, we have here the expla- 


nation of the phenomena of permanent set. 
The effects just described will be approxi- 
mately proportional to the forces applied. 
And so we find it very nearly in practice. 
There are, it is true, departures from the 
ratio, but not greater than might be expect- 
ed from the imperfect homogeneity of the 
metal. 

A single application of stress producing a 
perceptible set, and, according to the views 


a tendency towards parallelism; ¢. ¢., the |just expressed, occasioning a molecular 
axes of a considerable portion of the crystals change in the metal, need not sensibly im- 
are parallel, or approximately so. In| pair the strength of the iron, for the rear- 
wrought iron this tendency towards, or ac- | rangement of the atoms may be, and in most 
tual, parallelism is produced by the ductile | instances probably is, as favorable for further 
action of rolling or hammering, compelling | resistance as the original one, if not more so. 
the molecules to slide over each other in one | Many repetitions of the stress, however, or 
direction, during which process they most |the constant action of vibrations during a 
readily assume the acicular or fibrous struc- | continuous stress, may produce arrangements 
ture. In cast iron, also, a definite arrange-/| less favorable. The tendency to assume the 
ment takes place in parallel facets, by rea-| form of large specular crystals seems to be 
son of the escape of heat in particular | very decided under such conditions, at least, 
directions (7. e., in lines normal to the near-| if the strain be tensile. The whole mass 
est surface of the mass) in passing from the | being elongated, and the intermolecular 
fluid to the solid state. It is not essential spaces being increased, there is afforded, as 
to the fibrous condition that all, or nearly it were, a sort of facility to the atoms to 
all, the crystals should be parallel, but that | obey those laws of crystallization inherent 
a considerable portion of them should be so, | in the constitution of all solid matter. Ob- 
sufficiently to indicate a tendency to paral- servation and experiment confirm this view. 
lelism in a particular direction in preference! If there is any measure of truth in the 
to any other. foregoing speculations, it follows that there 

In the case of wrought iron, when the |isa limit of stress at which the cohesive power 
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of every portion will be exceeded, and a 
general change in the structure of the mass 
will supervene. If the constitution of the 
material is such that the atoms can rearrange 
themselves readily, she material will behave 
like atougih, pasty mass, elongating con- 
siderably, dmipshing in size laterally. If 
it is strongly crystalline, and the atoms Te- 
fuse to rearrsnge themselves, rupture is im- 
mediate. he former is the case with good 
wrought ivon, and the latter with cast iron. 

In asimilar connection Mr. Zerah Colburn 
remarks, ‘‘It would be interesting to know 
the successive positions of the atoms during 
the application of the strain. We are, how- 
ever, without any positive knowledge of the 
positions which the atoms assume in solidifi- 
cation, and under subsequent forging; but 
the multifarious forms in which all atoms 
visibly crystallize serve to show us that they 
cannot all be at equal distances from each 
other throughout the whole body. If they 
were, the arrangement would be that of can- 
non balls in a triangular pyramidal (or pris- 
matic) pile. Could we visibly represent the 
atoms as occupying the angles of an infinite 
number of equilateral triangles we should 
understand that a linear strain, acting to 
separate any two of the atoms, would, at the 
same time, draw a third atom, if not a num- 
ber of atoms, partly between them. And 
when, from this intrusion, the repulsive force, 
always enveloping the intruding atom, had 
once overpowered the attractive or cohesive 
force existing between the two atoms thus 
strained apart, these would, in turn, cohere 
anew to the atom which had been drawn in 
between them, and thus we should have a 
permanent rearrangement of the atoms, or, 
in other words, a permanent set with perma- 
nent elongation in one direction, and per- 
manent contraction in a plane at right angles 
thereto. That the atoms are thus drawn 
into parallel rows in many kinds of iron, at 
least, seems evident from the appearance of 
fracture, which presents stringy collections 
of particles, forming what is commonly called 
fibre, although there is great reason for 
doubting that anything like fibre existed in 
the iron before it was broken. Mr. Kirk- 
aldy’s recent experiments appear to show, 
as many others have shown, that iron may 
be made to break short, or to break with an 
appearance of fibre, just according as it is 
broken with a sudden blow or gradual pull.” 

We attach slight importance to the con- 
elusions from Mr. Kirkaldy’s experiments, 
since they furnish only negative evidence, 





against which may be cited positive evidence 
of the strongest kind. They merely show 
that the fibre is not apparent when iron is 
suddenly broken. On the other hand, it is 
not only distinctly apparent when it is broken 
gradually in the direction of its length, but 
when pieces cut from a bar transversely are 
pulled asunder the surfaces of rupture give 
unmistakable indications that we are obtain- 
ing a side view of the fibre. Finally, the 
strength of wrought iron is from two to four 
times greater in the direction of the assumed 
fibre than in a direction perpendicular to it, 
showing that the arrangement of the con- 
stituent particles differs widely in the two 
directions. 

We think some confirmation of the views 
we have set forth will be found in the fact, 
that rods of wrought iron, subjected to 
gradual pulls beyond the limits of elasticity, 
have their strength not only unimpaired, but 
actually increased by the strain. If the two 
fragments of a broken rod be submitted 
again to rupture, the forces required to effect 
it in each fragment are almost always deci- 
dedly greater than that accomplishing the 
first rupture. This increase of strength will 
be found to be more decided in proportion 
to the softness, or ductility of the iron used. 
Doubtless the same causes which produce 
this effect produce also the great increase of 
strength imparted to iron and steel when 
drawn into wire. Mr. Barlow gives the re- 
sults of experiments made at the Woolwich 
dockyard with reference to this phenomenon, 
which show an increase amounting, in some 
cases, to 18 per cent. Mr. Colburn men- 
tions the experiments of Mr. Thomas Lloyd, 
engineer to the Admiralty, on ten bars of 
Crown S. C. iron, 1g inches in diameter and 
4} feet long. The mean breaking weight 
at the first breakage was 23.94 tons per 
square inch. At the second breakage the 
mean strength was 25.86 tons per square 
inch. At the third breakage it was 27.06 
tons per square inch. At the fourth break- 
age it was 29.2 tons per square inch. The 
mean strength at the last breakage was 
about 22 per cent greater than at the first. 
Mr. Colburn suggests, as an obvious expla- 
nation, that the bars first broke at the weak- 
est point, then again at the next weakest, 
and soon. But this seems to disregard the 
fact that these bars elongated several inches 
before breaking, which must necessarily in- 
volve a complete rearrangement of its con- 
stituent atoms throughout its mass, so that 
the section of minimum strength was con- 
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stantly altering, if not its position, certainly 
its ultimate structure. The process, on the 
contrary, seems to us quite analogous to 
wire-drawing, the atoms arranging them- 
selves more and more thoroughly in the form 
of parallel fibres, which is the position most 
favorable for tensile resistance, until a maxi- 
mum of parallelism is reached, and therefore 
a maximum strength. 

Taking into consideration the nature and 
structure of cast iron, it can hardly be ex- 
pected that it can be as strong after the 
application of severe strains as before. Rup- 
ture must always ensue whenever the elastic 
limit is exceeded. A continued repetition 
of strains ought, upon the foregoing princi- 
ples, to deteriorate the strength by the suc- 
cessive rupture of the cohesion of detached 
points. Experience in cast iron guns leads 
to this conclusion, but exhaustive experi- 
ments upon various forms, with stresses 
variously applied, are much needed. 

The following valuable considerations by 
Mr. Colburn are added: “In a paper of 
great value, read nearly seven years ago 
before the Royal Irish Academy, and after- 
wards published in a quarto volume entitled, 
‘On the physical conditions involved in the 
construction of artillery,’ Mr. Robert Mallet 
has laid down a useful measure of the work- 
ing and ultimate strength of iron. Poncelet 
had already employed co-efficients, which 
indirectly expressed, not merely the elastic 
limit and breaking strength of iron, but the 
range also, through which the force acted in 
each case, in reaching these limits. Mr. 
Mallet has adapted these co-efficients to the 
English standard of mechanical work, viz, 
‘foot pounds ;’ and he represents the struc- 
tural value of different materials, or of differ- 
ent qualities of the same material, in one 
ease, by the product of the elastic load in 
pounds into half the range in feet, or parts 
of a foot, through which it acts, and in the 
other case by the breaking weight in pounds 
multiplied also by half the range in feet, or 
parts of a foot, through which it acts. Mr. 
Mallet employs Poncelet’s co-efficients as 
follows : 

T c = foot pounds in reaching elastic limit 

of tension. 

T r =foot pounds to produce rupture by 

tension. 

T ‘c = foot pounds in reaching elastic limit 

of compression. 

T ‘r = foot pounds to produce crushing. 

“ One-half the weight into the whole exten- 
sion, or the whole weight into half the ex- 





tension, is adopted, because the force gradu- 
ally applied to break the bar must increase 
from nothing to the breaking weight. Upon 
Dr. Hooke’s law, ut tensio sec vis, the weight 
of a grain will, in some minute degree, de- 
flect or extend the heaviest bar of iron, and 
the deflection, or extension, will increase 
progressively with the weight applied, up to 
the point of rupture. Therefore, if a bar 
be stretched one foot and then broken with 
a weight of 33,000 pounds, the work done 
will be the mean of zero and 33,000 pounds 
into one foot, or 16,500 pounds. This, as 
has been said, is the work done in the case 
of a gradually applied strain. If, however, 
the weight be applied without impact, yet 
instantaneously, upon the bar, it will, so 
long as the limit of elasticity be not exceeded, 
and supposing the bar to have no inertia, 
produce twice its former deflection and, 
therefore, twice the ultimate strain. For 
the weight, in falling through the distance 
of the deflection due to the joad at rest, will 
require momentum sufficient to carry it 
through ar additional distance equal to the 
static deflection. This may be best demon- 
strated experimentally with the aid of a 
spring balance. If upon the pan of a balance, 
sufficiently strong to weigh up to 40 pounds, 
a weight of 15 pounds be placed, and this 
be lifted to zero on the scale and there re- 
leased, it will descend momentarily to nearly 
30 pounds on the scale, and were there no 
opposing resistances, and had the spring no 
inertia, it would descend to exactly 30 lbs. 
In the actual application of strains in prac- 
tice a weight is never thus applied, but a 
consideration of what would occur under 
such circumstances is sufficient to show how 
important it is that vibratory action be not 
overlooked in considering the strains on 
bridges. It is to be remembered that this 
action of suddenly applied loads is only 
manifested in the case of the application of 
weights, for if the strain be produced by the 
sudden admission of steam, or any other 
practically imponderable body, no additional 
deflection will take place beyond that due to 
the pressure acting statically. If steam 
pressure acted in the same manner, in this 
respect, asa weight, the steam indicator would 
show nearly, or quite, double the pressure 
acting effectively within the cylinder of the 
engine.”’ 

It will not be attempted in the present — 
paper to discuss fully the co-efficients adopted 
by Mr. Mallet, for there are objections 
against, as well as reasons in favor, of their 
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application. 


It is evident that T r may be | ‘dimensions and area after fracture, and he 


the same in two cases, in one of which a has also given the amount of elongation at 


high breaking weight is exerted through 


fracture, although he did not ascertain the 


a very short distance, and in the other| amount of extension at the elastic limit. 
of which a low breaking weight produces |The reduction of diameter of a bar at the 
stretching through a correspondingly greater joint of fracture serves to give a practical 


distance. But this co-efficient does possess | 


| 


man a good idea of the quality of the iron, 


a value in taking account of the combined | but it does not admit of an expression of the 
cohesive force and extensibility of iron, in-| | mechanical work done in producing fracture, 


stead of the breaking strength alone. 


has a high cohesive force, but is useless linear extension. 


under strain, on account of its brittleness, | 


while india-rubber has great extensibility, 
or toughness, with but slight cohesion. The 
products, therefore, expressed by the co-effi- 
cients in question do not afford a complete 
notion of the practical value of a given 
material, unless the factors whereby these 
products are obtained are also given. The 
elastic limit of iron, however low, is not to 
be exceeded in practical use, whatever its 
range of elasticity may be; nor does it ap- 
pear to be prudent to work into the neigh- 
borhood of a high elastic limit, when the 
elastic range is known to be small. It is 


not to be understood that the co-efficients in 
question are intended to be applied other- 
wise than in the comparison of bars of equal 
length, else it would result that the measure 


T c, in a bar 50 feet long, was one hundred 
times greater than that of a bolt six inches 
long, and of the same material and sectional 
area. For the purposes of the engineer not 
only is a long bolt no stronger than a short 
one, but, as it can be no stronger than its 
weakest part, it will follow that the average 
strength of 100 bolts six inches long is likely 
to be greater than that of a bolt of the same 
diameter 50 feet long. Every engineer is 
aware of the importance of toughness in com- 
bination with cohesive strength in iron, but 
we need much more extensive and accurate 
information respecting the former; and a 
consideration of Mr. Mallet’s co-efficient 
should lead to additional experiments being 
undertaken. 

Mr. Kirkaldy, proceeding upon an inde- 
pendent course of inquiry, but with the same 
object as that pursued by Mr. Mallet, pub- 
lished some time ago the results of a series 
of experiments, which are the first upon any 
thing like an extensive scale, to take into 
account the combined cohesive force and 
extensibility of iron and steel. Mr. Kirkaldy 
experimented upon hundreds of specimens, 
* but he did not ascertain their limits of elasti- 
city. He has given both the original di- 
mensions and cross-sectional area, and the 





Glass as does the combined breaking weight and 


In tearing a bar in two, 
also, we have to consider the permanent 
stretch communicated to all parts alike, and 
the additional stretch at or near the point 
of fracture. That part of the stretching which 
extends uniformly throughout the bar would, 
we may suppose, be exactly proportional to 
the length of the bar, while that part of the 
stretch which takes place close to the point 
of fracture would, we may also suppose, be 
a fixed quantity, whatever the length of the 
bar. Mr. Kirkaldy’s specimens of iron and 
steel varied from 2.4 inches to 8.2 inches 
only in length, and with these the ultimate 
elongation at fracture varied from nearly 
nothing to 27 per cent of the original length, 
whereas longer bars would have shown a 
proportionally less elongation. The samples 
which hardly elongated at all were of pud- 
dled steel ivaliiee. One sample, which 
bore 63,098 pounds per square inch of the 
original area, stretched before breaking but 
the »yth part of an inch in a length of 7.6 
inches, or less than 7yths of one per cent of 
the length. Adapting to Mr. Mallet’s co- 
efficient, the structural value of such a ma- 
terial would be almost nothing. In fact, 
Mr. Kirkaldy found the puddled steel plates 
throughout to have much less extensibility 
than cast steel plates, and of very irregular 
breaking strength. 

Mr. Fairbairn communicated some of the 
results of an important series of experiments 
tothe British Association at the Manchester 
meeting in 1861, from which it appeared 
that a large model of a wrought iron plate 
girder withstood, without injury, 1,000,000 
applications of a load equal to one-fourth its 
breaking weight, and afterwards 5,175 appli- 
cations of one-half its breaking weight, when 
it broke down. The model was then repaired, 
and 25,900 applications of two-fifths its 
breaking weight, and afterwards nearly 
3,000,000 applications of one-third its break- 
ing weight were made, it is said, without 
injury. 

The application of iron to bridges, espe- 
cially to those of large span, necessarily re- 
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quires the most careful consideration in 
apportioning the strains, since every pound 
of metal not brought into effective action is 
so much dead weight, or useless load, being 
not only misapplied of itself, but requiring 
additional material to support it. 

The practice among American engineers 
is very uniform. The factors of safety are 
almost invariably as follows: For parts sub- 
ject to constant strain, six; and for parts 
subject only to occasional strains, four. 
These figures are factors of ultimate strength. 
The margin of safety has, in all cases, been 
ample so far as we can learn. 


TRACTION ENGINES. 


From ‘‘ The Engineer.”’ 


Although the very first carriage ever pro- 
pelled by steam was constructed years before 
railways were thought of, and, as a natural 
consequence, made the first tottering essay 
at mechanical locomotion on a highway, com- 
mon roads still remain almost unavailable as 
a means to locomotion by engine power. A 
very few years since—a dozen, let us say—an 
idea sprang into existence that every port- 
able agricultural engine might be, ought to 
be, and would be made self-propelling, while 
very large numbers of engines, specially de- 
signed, not to drive threshing machines or 
ploughs, but to haul loads, would be built. 
Gentlemen like Bray and poor Boydell foster- 
ed this idea, and threatened the railways. 
The railway companies paid not the least at- 
tention to the matter. It could be easily 
proved, they thought, that steam on the 
common road would never beat steam on 
rails, and in a sense—and a large sense, too 
—it is certain that railway companies and 
their engineers were right in this conviction. 
The rage for traction and self-propelling en- 
gines died out. At this moment it is probable 
that a smaller number of traction engines is 
in use than at any other period within the 
last six or eight years. The number of 
self-propelling engines—that is to say, of 
engines intended to take themselves and a 
plough or threshing machine from farm to 
farm—is probably much greater, but it must 
be remembered that from these latter ma- 
chines railway companies have nothing either 
to hope or fear ; they add not at all to facili- 
ties for locomotion, and their abundance or 
scarcity does not affect the great problem of 
transporting heavy goods or materials on 
common highways by using steam instead of 





horses. With limited exceptions, the trac- 
tion-engine system has proved a complete 
failure. It is true that hundreds of traction 
engines have been built here and elsewhere, 
and sent to all parts of the world and put to 
work, and have remained at work till worn 
out. But this fact is of the smallest im- 
portance. If the traction engine had been 
a success, it would have done for horse haul- 
age what the locomotive did for the stage 
coach. Instead of hundreds of traction en- 
gines we should have built, sent away, and 
put to work, thousands. 

No one disputes that steam might be 
employed with great success on common 
roads as means of cheapening the transport 
of heavy goods or materials of all kinds, 
such as corn, timber, coal, ores, lime, bricks, 
and such like ; but neither does any one dis- 
pute, so far as we are aware, that steam is 
not so employed either here or abroad, ex- 
cept in a very small and insignificant way, 
with success. When it can be predicated by 
intelligent engineers that a given machine 
ought to succeed, while it can be proved that 
it does not succeed, a problem is presented, 
which we, as technical journalists, are bound 
to consider, and if possible to solve. Let 
us attempt, then, to solve this question, 
bringing, we may add, without overstepping 
the bounds of editorial modesty, at least a 
little practical experience in traction engines 
to bear on the matter in hand. 

It is very commonly urged that traction 
engines are not more commonly used because 
the law concerning them is harsh, repressive, 
and almost prohibitory. Now even if we 
granted this statement to be a statement of 
facts—and we do not—it proves very little 
for the traction engine builder. It is true 
that the law prohibits a greater speed than 
four miles an hour, and orders that each en- 
gine shall be preceded when on the road by 
a man with a red flag, etc. But, in the first 
place, this rule is not very oppressive, and, 
in the second, engineers have only themselves 
to thank for its existence. Traction en- 
gines, as they are, are unutterably hideous, 
astoundingly noisy, and to the last degree 
offensive in the matter of smoke—not only 
to horses, but tomen. If it could be proved 
that these conditions are inseparable from 
the system, then we should have small hopes 
indeed of the ultimate success of steam on the 
highway. We believe, however, that the ugli- 
ness, noise, smoke, and general nuisance, all 
result from the great fact that those who have 
built traction engines up to the present mo- 
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ment have not realized the importance of 
getting rid of the specified objections—or, 
realising it, have been unable to design en- 
gines of better construction. A glance at the 
contents of any agricultural show will prove 
that the ruling principle guiding the makers 
of traction engines is to take the ordinary 
portable engine and adapt it to drive a pair 
of road wheels. As a result, we have an 
engine without springs and with all the gear- 
ing exposed to the broad glare of day, 
thumping, and clanking, and grinding, and 
smoking along our highways. The thing is 
@ nuisance, an unmitigated nuisance, and it 
is folly to deny the fact. Worse than this, 
the nuisance is continually getting not only 
its owners but itself into trouble by break- 
ing down ; and all this because a machine 
specially designed for one purpose is applied 
to another. 

Without engravings it would be impossible 
to show what a traction engine should be. 
Perhaps our portfolio of working drawings 
may yet include one design, disposing of 
most, if not all, the objections concerning 
smoke, noise, ugliness, and breakdowns. 
For the present we shall content ourselves 
with indicating a few of its features. We 
have stated that traction engines as they 
exist are a nuisance, and this in itself is one 
very sufficient reason why steam on the com- 
mon road is not a success; but one or two 
others of even more importance remain to be 
considered. The first is, that, all things 
considered, traction engines do not compare 
favorably as regards the cost of the work 
done with horses ; the second is, that they 
consume large quantities of water, which 
cannot always be had, and that even when it 
can be had, much time is wasted in taking it 
in. Four miles an hour running time, in all 
cases becomes three miles an hour including 
stops to take in water. We have now put 
before our readers, in one way or another, 
most of the objections to traction engines, 
Let us see how they are to be got over. 

In the first place, a radical change must 
be made in the arrangement of the entire 
machine as compared with those now in use. 
Instead of the portable engine, we must take 
the railway locomotive as our model. The 
first point to be settled is the construction of 
the machine regarded as acarriage. As the 
road to be traversed is rough, and machinery 
does not like rough roads, the two must be 
kept apart as far as possible. Therefore 
instead of mounting a boiler half full of 





tion of springs, and a heavy, quick-running 
engine and fly wheel on top of the boiler, we 
must provide a rectrangular frame of iron or 
of oak between iron plates. The frame must 
be supported on wheels—preferably of wood 
—through the intervention, not only of 
springs, but of perfectly efficient and elastic 
springs, with india-rubber buffing-pieces to 
take up the last trace of jar and vibration. 
Next we have to provide a crank shaft run- 
ning in brasses fixed in wrought iron cheeks 
—no cast iron except that in the cylinders 
and a little in the gearing should be allowed 
in a traction engine—which crank shaft must 
be driven by a pair of pistons, in order to 
get rid almost or altogether of the fly wheel 
—and unnecessary and objectionable excre- 
scence, which should have no more place on a 
traction engine than it has on a locomotive. 


The next step is to provide means by which 
the crank shaft when revolving will cause the 
hinder wheels to revolve also. For this 
there is nothing like a chain, only the chain 
must not be run too fast, must have plenty 
of bearing surface, and must admit of being 
tightened when it gets slack. Various modi- 
fication of the chain may be used, but we 
will not stop to consider these just now. If 
the engine is intended to run at slow speed 
with heavy loads, intermediate gear must be 
employed. On the crank shaft a pinion is 
to be placed gearing into a spur wheel about 
3 to 1, and the shaft of this spur wheel—lying 
across the frames in the rear of the crank 
shaft—will carry a small chain wheel, while 
a large chain wheel will be fixed to the boss 
of one of the road wheels, either or both of 
which will be fixed at pleasure to the axle. 
When moderate speeds are allowable the 
chain pinion may be fixed direct on the crank 
shaft, which may make nine revolutions for 
one of the road wheels. If these last are a 
little under 6 ft. in diameter they will revolve 
about 288 times per mile, or, at five miles an 
hour, twenty-four times per minute, which 
gives 216 revolutions per minute for the en- 
gines, the cylinders of which should not be 
too small in diameter. Ordinarily, steam 
will be worked expansively in them. By 
admitting it full stroke, sufficient power may 
be developed to get the engine up a steep 
hill or out of a difficulty, at least such a 
difficulty as will be encountered on a good 
road—and five-mile an hour engines should 
not work except on good roads. 

The character of the boiler and the posi- 
tion of the cylinders remain to be settled. 


water on rigid wheels without the interposi- | In any case the crank shaft should be placed 
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as nearly as possible on a level with the road 
axle—why, we shall not stop toexplain. If 
the locomotive type of boiler be used, then 
the clinders go into the smoke box; but un- 
der certain circumstances it will be found 
best to use a vertical boiler placed at one end 
of the frame, while a water tank is placed at 
the other, the cylinders being placed 
vertically between. The use of vertical 
cylinders will not induce much jump, if 
any, in a heavy engine ; and by adopting the 
vertical instead of the horizontal arrange- 
ment one great difficulty is disposed of. The 
cylinders and engine can be put near the 
ground and yet remain accessible and out of 
the dirt. All the machinery must be boxed- 
up out of sight. 

We have yet to get rid of the waste steam 
and the smoke. By taking the exhaust 
through a superheating pipe in the furnace 
the waste steam may be rendered invisible, 
and the noise may be completely obviated by 
discharging from the cylinders into a receiver. 
As regards smoke, that must be got rid of 
by the use of coke.* We are unacquainted 
with any other expedient which will effectual- 
ly prevent the evolution of smoke from the 
small furnace of a traction engine. Its com- 
pulsory use would be no great hardship. 


THE SPECTROSCOPE. 


From the ‘* American Exchange and Review.’ 
That ordinary or white light may be de- 


composed by refraction into what are com- 
monly known as the “colors of the rain- 


bow,” is a familiar fact. Every transparent 
substance of greater density than that of air, 
and bounded by surfaces inclined to one 
another, gives evidence of this dispersion, as 
the separation into color is technically call- 
ed. We see it in the drops that fall from 
the clouds, in the flashing hues of the dia- 
mond, and in the pendants of chandeliers ; 
but it is most conveniently and perfectly ex- 
hibited by what is called a prism—a piece of 
glass having two surfaces greatly inclined to 
each other. Light, after passing through 
any of these dispersive media, is no longer 
of simple and uniform whiteness ; it is trans- 
formed into a series of the most vivid and 
delicate tints, melting into each other by an 
insensible gradation, from a dark heavy red, 
through brilliant orange, green, and blue, to 
a deep and tender violet. We are not now 
concerned with the inquiry, how this divers- 





* Or in America by the use of anthracite. 





ity of hue is universally found where refrac- 
tion, or bending of the rays of light, takes 
place; and whether color is so connected 
with refraction that every progressive degree 
of refraction produces its own tint, in which 
case each hue would be simple and independ- 
ent ; or whether some, at least, of the colors 
may not be of composite character. The 
question now seems to lie between a super- 
imposition of three bands of the colors re- 
cognized as primaries in painting—red, yel- 
low and blue—equal in extent, but very 
unequal in intensity in different parts of 
their length—and a continuous series of 
literally innumerable hues, each equally ele- 
mentary and self-subsistent, and each pass- 
ing, without the least overlapping, into its 
neighbors on either side by the most delicate 
and imperceptible modification. 

The spectroscope, an instrument invented 
by Frauenhofer, is destined to take rank 
with the telescope and the microscope as a 
revealer of mysteries. Its structure is suf- 
ficiently simple, comprising, as its essential 
parts (for the details are subject to much 
variation), a slit of adjustable narrowness 
between two metallic plates, to eliminate the 
overlapping of the spectra; a prism, or 
rather, in order to obtain a wider dispersion, 
a combination of prisms, to decompose the 
admitted but straightened ray; and a small 
telescope, the intention of which is to mag- 
nify the spectrum thus formed, and rendered 
sufficiently pure to exhibit its interior ar- 
rangement, so as to unfold more effectually 
its complexity. The investigation conducted 
by means of this beautiful apparatus is 
known as spectrum analysis, and it is equal- 
ly applicable to every kind and degree of 
light, provided it retains sufficient intensity, 
after this unsparing reduction and expansion, 
to form a distinct impression upon the eye. 

With the light given out by the terrestrial 
elements raised to incandescence, a vivid 
spectrum at once streams from the prism. 
Any solid element thus ignited affords a 
band of brilliant colors, but without the 
crossing of a single dark line. Urge it un- 
til it flows down in fusion, still the unbroken 
spectrum remains; but force on the heat till 
the material rises into a glowing vapor, and 
the scene is changed. At once the continu- 
ous spectrum, the uninterrupted stream of 
color, common to every ignited solid or fluid 
element, is converted into a succession of 
transverse lines, brilliantly and variously 
tinted according to their place in the spec- 
trum, extremely narrow fragments, as it 
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were, of the continuous spectrum, and se- 
parated by intervals, more or less wide, of 
darkness—gaps where that spectrum has to- 
tally disappeared. This is strange, and in 
its first impression strangely irregular; but 
further examination shows us a yet stranger 
regularity. There is no rule as to the thick- 
ness or position or grouping of the bright 
lines, but we shall find that every chemical 
element, whatever its nature, has, when in a 
state of vapor, a system of lines of its own, 
and so peculiarly appropriate to itself that 
the appearance or non-appearance of those 
lines is an infallible criterion of the presence 
or absence of that element. 


The spectrum, as the band of varied hues 
is called, when obtained direct from the sun by 
refraction—whether naturally, as through the 
bow set in the cloud, or the rain drops pend- 
ant on the leaves, or artificially, as through 
a prism of glass or other suitable material— 
exhibits nothing more than a succession of 
brilliant tints passing gradually from red of 
various qualities, through yellow and green, 
to blue, deepening into violet. But a little 
consideration will show us that these colors, 
however compounded in their own nature. 
cannot under these circumstances be regard- 
ed as absolutely simple and pure. They 
would be so if the sun were a point; but 
the breadth of its surface, or, in astronomi- 
cal language, disc, prevents the complete 
analysis of its light; for every portion of 
this disc, from the one side to the other, in 
whatever direction the refraction may have 
been effected, has been contributing its own 
share of light to every portion of the spec- 
trum, so that the latter, instead of being a 
simple decomposition of one pencil of light 
issuing from one point, is an overlapping, to 
a certain small but not inconsiderable de- 
gree, of innumerable spectra from an infinite 
number of luminous points, producing a con- 
fusion, the limit of which is, of course, the 
apparent breadth of the source of light. 
Within that confusion, that crowding toge- 
ther and intermixture of neighboring tints, 
some mystery may lie concealed, and fortu- 
nately the means are ready to our hand to 
explain it. We can thin out the crowd toa 
simple rank by reducing the visible breadth 
of the sun to a single point. Or, better still, 
since the tints are mingled and confused only 
in one direction, that of the refraction, we 
may, by means of a slit which can be adjust- 
ed to any amount of opening, narrow the 
sun’s disc to a mere transverse line of light, 
which, preserving the full breadth of the spec- 





trum in its own direction, and giving us, as 
it were, a ribbon dyed in transverse bands 
instead of the single parti-colored thread 
which would issue from one point of light, 
makes the phenomenon conspicuous enough 
for study, while the confusion arising from 
overlapping is removed. Thus formed from 
a single narrow transverse streak of light, 
the spectrum is no longer a continuous band; 
its colors remain as they were, but it is full 
of interruptions; it is crossed in innumer- 
able places—the best instruments show up- 
wards of 2,000—by dark lines, some much 
broader and more conspicuous than others, 
but all of hair-like minuteness, and in most 
irregular arrangement and fortuitous group- 
ing. 

The spectrum of the sun is discontinuous, 
with hair-breadth tracks of darkness. The 
spectra of the terrestrial elements are also 
discontinuous, but with hair-breadth lines of 
light. The one seems of a class which is 
the reverse of the other; but this apparent 
contrariety will lead to further thought and 
further investigation. 

The discovery of the true meaning of the 
solar spectrum, in 1859, was the commence- 
ment of a long series of discoveries in solar 
physics. It had long been noticed that the 
rainbow-colored streak of light which forms 
the solar spectrum is crossed by a multitude 
of dark lines. Some of these lines are well 
marked, others faint ; at one place many are 
crowded together, at others there are scarce- 
ly any; but at all times the same lincs.make 
their appearance. For a long time this phe- 
nomenon remained without explanation, as 
also did the correlative phenomenon that the 
spectra of incandescent vapors consist, not 
of a rainbow-colored streak, but of a definite 
number of bright lines. But Kirchhoff, in 
1859, made the important discovery which 
forms the basis of spectroscopic analysis. 
He found that the dark lines in the solar 
spectrum correspond to the bright lines of 
the spectra of incandescent vapors. For ex- 
ample, the double orange line which forms 
the spectrum of sodium vapor occupies ex- 
actly the same place as a well-marked double 
dark line which appears in the orange part of 
the solar spectrum ; and so with many other 
similar lines or sets of lines. In fact, he 
demonstrated that the presence of dark lines 
in the solar spectrum indicates that the light 
of the sun shines through a vaporous enve- 
lope, and that the vapors which form this 
envelope are the same which, in an incan- 
descent state in the chemist’s laboratory, 
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produce the bright-line spectra correspond- 
ing to certain of the solar dark lines. 

To sum up ina few words those principles 
of spectroscopic analysis which are our chief 
guide in solar researches: An incandescent 
solid or liquid gives a continuous rainbow- 
colored spectrum ; an incandescent gas gives 
a spectrum of colored lines; and an incan- 
descent solid or liquid shining through a 
vaporous envelope gives a rainbow-colored 
spectrum crossed by dark lines, and these 
lines have the same position as the bright 
lines which belong to the spectra of the va- 
pors which form the envelope. 


THE PARIS STEAM ROAD ROLLER. 


From a paper read before the Institute of Mechanical 
Engineers, by Mons. M. E. GELLARET. 

This roller consists of a locomotive engine 
carried entirely upon two large cast-iron 
rollers of equal size, which are both driven 
by the engine, the course of the machine 
being controlled by a special arrangement 
for changing the direction of the roller 
axles. The result is that the whole of the 
weight of the machine is made available 
both for the rolling of the road and for pro- 
pelling the machine. The engine is capable 
of being readily started in either direction 
without any slipping, and can easily round 
very sharp curves. This machine is the 
only one which allows all the weight to be 
made available for adhesion in driving—an 
indispensable requisite for a really complete 
rolling machine—none of the weight being 
dragged; and machines having only one 
axle driving are liable to slip at starting, 
causing damage to the road surface to be 
rolled, and wasting power. Also, the direc- 
tion of the motion, whether forwards or 
backwards, being entirely indifferent, is an- 
other essential point for rolling roads. By 
a special mechanical arrangement the com- 
munication of the driving power is main- 
tained direct to both the rollers, however 
much they may be inclined to each other 
when traversing a curve ; this driving appa- 
ratus is made very strong and durable, and it 
has been found completely successful in work. 
The weight of the machine is equally divided 
on the two rollers, and the adhesion for driv- 
ing is so great that these machines have work- 
ed up hills with a gradient of lin 124. They 
are guided with the greatest facility and 
certainty on the most difficult and winding 
roads, by the axles of the rollers being made 
to converge to the centre of the circle which 





is being traversed. These machines have 
now been in regular use in Paris for four 
years, and the results of their working have 
so thoroughly established their durability 
and economy that they are used for the 
whole of the roads in that city and the sub- 
urbs. The machine has a longitudinal 
wrought-iron frame, like a locomotive en- 
gine, with cross bearers to carry the boiler, 
and a water tank at the back of the foot- 
plate. The two large carrying rollers are 
3 ft. 10 in. in diameter, and 4 ft. 7 in. in 
length. They are cast-iron cylinders of 14 
in. thickness, with intermediate strengthen- 
ing ribs and internal flanges at the ends, to 
which wrought-iron plate covers are fixed. 
These close the two ends of the rollers, and 
have cast-iron bosses in their centres for 
bearing on the axles. The axles are sta- 
tionary, and the rollers revolve round them 
with bearings extending the whole length of 
the roller, and consisting simply of a cast- 
iron cylinder, with a continuous bearing on 
the axle, and furnished with a spiral groove 
for lubrication. The rollers in the first of 
these machines were made with separate 
wrought-iron wheel centres, upon which was 
riveted a cylinder of boiler plate; but this 
make was abandoned in consequence of the 
frequent failure of rivets, which were sheared 
off by the stretching of the cylindrical plate 
from rolling out. The present make of 
cast-iron rollers, heavier than the original 
wrought-iron ones, but less expensive in 
make, has proved very satisfactory, and 
they have done a large amount of work 
without any expense for repairs, some of 
them having run as much as 3,000 miles 
without any sign of cracking or splitting. 
The first cast-iron rollers were made quite 
cylindrical ; but it was found that the sur- 
face became worn down more at the end 
next the chain-wheel than at the other end ; 
and to meet this irregular wear the rollers 
have since been cast slightly conical, with 
the larger end towards the chain-wheel, so 
that when half worn down they may become 
truly parallel. One end of each roller has 
a manhole in it, giving access to the interior 
for oiling the bearings. There are two sizes 
of these machines used in Paris—one weigh- 
ing 15 tons and the other 30 tons in average 
working order. The smaller one has rollers 
3 ft. ll in. in diameter and 4 ft. 7 in. in 
length; the rollers in the larger one being 
4 ft. 9 in. in diameter, and 6 ft. length. 
These machines were adopted for rolling 
the roads in Paris, in consequence of the 
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satisfactory results of a series of experi- 
ments made with them under the direction 
of M. Michal, director of the municipal ser- 
vice, by M. Homberg, engineer-in-chief of 
the public roads of Paris. The machines 
are hired at a fixed charge, which is regu- 
lated by the weight of the machine and the 
distance run in work; the rate being per 
ton per mile of the machine, 7d. by day and 
8d. by night. This rate includes all ex- 
penses of wages, coals, and materials for 
working and repairs, excepting the supply 
of water, which is furnished by the muni- 
cipal authorities. The work of each ma- 
chine is measured by a self-acting counter, 
indicating the distance traveled, measured 
at the mean diameter of wear of the rollers; 
the measurement of distance being taken 
only during the actual time of rolling, with 
an allowance added of three miles for trav- 
eling to and from the place of w. The 
work is, as a general rule, done in the night 
within the city, the portion of road repaired 
during a night being completely finished 
by the morning ready for traffic. The speed 
of working is from 1} to 2} miles per hour, 
being limited to the latter amount by the 
public regulations. The usual practice in 


repairs is to lay down a layer of broken 


stone about 2} in. thick at the sides of the 
road, and 6 in. thick in the middle; the 
surface of the road being generally picked 
up previously. The rolling engine com- 
mences work at the opposite sides of the 
road; alternately traveling backwards and 
forwards over a length of about 100 yards, 
and working its way gradually to the mid- 
dle of the road, when it proceeds to roll an- 
other similar length. The layer of broken 
stones is watered from the street mains, and 
binding material, consisting of road scrap- 
ings, is put on before the rolling. There is 
not the slightest difficulty experienced in 
reversing the motion of the rolling engines, 
and they start in either direction without 
any slip whatever, and the broken stone is 
regularly rolled down without getting push- 
ed up or driven before the rollers. The 
engines start with great facility, even on a 
considerable incline, and they turn easily in 
a circle of only 13 yards radius. In making 
new roads the broken stone is usually laid 
down in a single layer of 10 to 12 in. in 
thickness, and this thickness of material can 
be satisfactorily rolled. The total distance 
traveled per day of ten working hours by 
one engine is usually from 15 to 20 miles. 
In working, two men are employed for the 





smaller engines—an engineman and a steers- 
man, and for the larger engines a fireman 
in addition, for the purpose of oiling upon 
the road without stopping the engine. The 
mean power developed by the larger engines 
is about twenty horse power. It is often 
below that amount, and then sometimes 
rises to thirty or even thirty-five horse 
power. The engines keep well in order, 
and run from 1200 to 1800 miles before re- 
quiring any important repairs. They are 
made very strong; the axles, chains, pin- 
ions, and working gear being made of steel, 
and the engines of the quality of best loco- 
motive work. They are consequently ex- 
pected to keep at work fully ten years. In 
reference to the relative cost of rolling roads 
by the steam roller or by horse power, the 
following facts may be taken as a compari- 
son of the prices per ton per mile by each 
plan. The result of numerous data shows 
the cost of horse rolling in Paris (including 
horse keep, drivers, and oiling, to be 11d. 
per ton per mile, or about 11d. including 
cost of repairs. The addition of interest of 
capital and depreciation would raise the 
total cost to about 14d. per ton per mile. 
On the other hand, for the steam rolling the 
actual payment is only half that amount, or 
7d. per ton per mile, including the contract- 
or’s profit ; so that there is a great economy 
as regards cost of power in the steam roller. 
The advantages of the steam roller over 
those drawn by horses are, economy in the 
cost of the work, rapidity of execution, and 
greater perfection in the work done; the 
durability of the road surface being found 
to be at least doubled where the steam roll- 
ing has been well done, as compared with 
roads not so rolled. 


N THE INFLUENCE OF SEVERE COLD ON 
Meratiic Tin.—Fritzsche, of St. 
Petersburg, communicated to the Paris 
Academy the interesting fact that during 
the severe cold of last winter, in St. Peters- 
burg, large blocks of Banca tin became 
crystalline through the whole of their mass. 
They now contain in their interior, hollow 
spaces of up to 100 cubic centimeters. The 
walls of these hollow spaces are smooth and 
shiny. The other parts of the tin which 
have been transformed partly into small 
crystalline grains, partly into brittle pieces 
of various sizes, have a dull appearance, 
caused probably by superficial oxydation.— 
(Compt. Rend., t. 67, p. 1106.) 
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LIGHT VS. HEAVY LOCOMOTIVES. 


ROLLING STOCK ON THE METROPOLITAN 
RAILWAY. 


From ‘‘ The Engineer.’? 


Those who are interested in the often-dis- 
cussed merits of light versus heavy rolling 
stock, will find just now much deserving of 
their attention in the working of the Metro- 
politan Railway. They may there see some 
of the lightest tank engines and carriages 
recently used for main line traffic, working 
side by side with the heaviest stock ever put 
on any line. A very important problem, 
therefore, bids fair to receive a speedy solu- 
tion on the Metropolitan Railway ; and the 
solution will, unquestionably, possess every 
characteristic which can render it absolutely 
final under the prescribed conditions. Ina 
word, a most valuable experiment is being 
tried on the largest scale; and the result, 
be it what it may, must be accepted as con- 
clusive. The facts may be stated in a very 
few words, but they will be all the better 
for a little explanation. 

The first engine designed to work the 
Metropolitan Underground Railway, was 
fitted with air pumps and an injection con- 
denser. Its weight was something enor- 
mous, and its performance so unsatisfactory 
that we believe it never ran a single passen- 
ger train. The line was first practically 
worked by the Great Western Railway Com- 
pany with broad gauge engines, having out- 
side cylinders and six wheels, four of them 
being coupled. These engines did very 
fairly, and are now in use down the country. 
Next came an interregnum, when the traffic 
of the line was conducted by the Great 
Northern Railway Company with their ordi- 
nary narrow gauge mixed engines, blowing 
their waste steam into the tender through 
a temporary exhaust pipe. Meanwhile, Mr. 
Fowler prepared designs for new narrow 
gauge tank engines. These engines being 
specially designed to work underground, 
possessed not a few novel features. Twelve 
were built in the first instance by Messrs. 
Beyer and Peacock, and, as a natural conse- 
quence, the work is simply faultless. We 
cannot say as much for the design. It was 
of the utmost importance that the engines 
should get away quickly with their trains, 
yet the driving wheels are 5 ft. 6 in. in di- 
ameter, a dimension rendered inexcusable 
by the fact that only a moderate speed was 
demanded. In order to compensate for the 





size of the wheels, and to still retain the 


great tractive force, essential to rapid start- 
ing, large cylinders were of necessity adopted. 
We need not stop to explain how great an 
augmentation of weight this entailed. It 
was next assumed that the curves would be 
bad to get round with a six-wheeled engine, 
therefore a bogie was introduced principally 
because the engine was made too long to 
begin with. This farther increased the 
weight, and so, finally, Mr. Fowler produced 
the now well-known narrow gauge stand- 
ard Metropolitan engine, weighing nominally 
42 tons, but in all probability at least 45 
tons loaded. This monstrous machine is 
employed to haul trains consisting of five not 
less monstrous carriages, carriages mounted 
on eight wheels disposed in two groups, and 
weighing 16 tons each. We have thus a 
locomotive weighing 45 tons hauling a train 
weighing 80 tons, carrying, when full, 20 
tons of passengers or so, at a speed of 25 
miles an hour, over the best permanent way 
ever laid down: gross load, 155 tons; pay- 
ing load, 20 tons, or less than half that of 
the engine alone. There are no exception- 
ably heavy inclines to be surmounted, and 
the bad curves are few in number, and at the 
worst do no great harm, because the speed 
at which they are traversed, as at King’s 
Cross, for example, is low. We fancy that 
every unprejudiced engineer, with these facts 
before him, will admit that Mr. Fowler’s 
engines are not the best that can be designed 
for the intended purpose, and that, all things 
considered, they are apparently very much 
underworked. The driving wheels are much 
too large, the machine too long, and, above 
and beyond all, the enormous weight of the 
engine constitutes a grievous defect. There 
is no denying the fact that the standard en- 
gines play havoc with the permanent way of 
the Metropolitan Railway, smashing off the 
tables of steel rails, and grinding out the 
best Bessemer track, perhaps in the world, 
as though it were made of iron. 

Mr. Fowler has gone on adding to the 
original stock of twelve engines with others 
built off the same patterns; but we find that 
neither the Great Northern, the Midland, 
nor the Great Western Companies have fol- 
lowed his example. The Great Western 
Company put on some broad gauge engines 
with six very small coupled wheels and in- 
side cylinders, three or four years ago ; these 
have been abandoned with the broad gauge. 
The Great Northern Company, in working 
steeper inclines than any which the Metro- 
politan engines are called on to traverse, 
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adopted a design differing widely from Mr. 
Fowler’s. The Great Northern engines 
weigh full but 33 tons. They have four 
coupled wheels, 16-in. cylinders, and a pair 
of trailing wheels mounted with Adams’ ra- 
dial axle boxes. These engines gave great 
satisfaction. Next came the Midland with 
a modification of Mr. Fowler’s design, the 
engines weighing much less, however. And, 
lastly, we come to the rolling stock put on 
by the Great Western Company within the 
last few months, which is the very antithesis 
of Mr. Fowler’s. Now, if the designs of the 
latter gentleman had been proved to be right 
by the results of three years’ working, how 
is it, we may ask, that the engineers of other 
companies have not followed his example or 
endorsed his practice by adopting his typical 
engine and carriages? The fact that they 
have not, is the best possible proof that Mr. 
Fowler made a great mistake when he de- 
signed his standard rolling stock for the 
underground railway. 


We do not propose here to say anything 


tory. We have, then, in few words, the 
Great Western Railway Company doing the 
same work that the Metropolitan Railway 
Company are doing, with a dead weight less 
at least by 25°tons per train, if we assume 
ten of the Great Western carriages to carry 
only as many as five of the Metropolitan 
carriages. 

It remains, of course, to be seen how the 
Great Western light stock will work out in 
continuous practice ; so far, it leaves nothing 
to be desired. The carriages, though small, 
are lofty and comfortable; they are not as 
yet disfigured by hideous advertisements ; 
perfect time is kept, and a carriage or two 
being easily added or taken off, as may be 
necessary, the trains are, as a rule, fairly 
filled, without being overcrowded. If Mr. 
Fowler’s method of working metropolitan 
traffic can be made to pay—and it is—then 
much more should the Great Western system 
|pay. In the case of the engines alone, the 
‘cost of transmitting each ton of dead weight 
| from place to place cannot be much less than 





more of the methods adopted by the Midland | 2d. per ton per mile. Taking the very mod- 
and Great Northern Railway in working | erate estimate of 20,000 miles as the dis- 
their metropolitan traffic. We shall confine | tance run —_ year hd each ey oe 
our attention to the new engines and car-|@ saving on 12 tons less in the Great West- 
riages used by the Great Wathen Railway | rn engines, as compared with the standard 
Company in working their local traffic be- | Metropolitan engines, of £166 per engine 
tween Windsor, Ealing, &c., and Moorgate | pet annum, or for the Metropolitan Railway 
street, since the abandonment of the broad | ae — yA gen a saving = oy 

auge between Bishop’s road and the City. | Tound numbers, £0, per annum; while, 
Phe engines Brews: 4 those used by ri if we regard the smaller weight of the car- 
Midland Company in working their metro- | Tiages, and the increased durability of the 
politan traffic, but they are rather smaller, | permanent way, due to the use of light roll- 


and certainly more elegant. They have 
flush boilers with a very small central dome, 
a pair of side tanks, and a condensing ar- 
rangement very similar to that used in the 
standard engines. They have six wheels, 
four of them being coupled, and inside cyl- 
inders. These engines weigh full, one with 
another, as nearly as possible 323 tons, or 
from 11 to 12 tons less than Mr. Fowler’s 
engines. The average train drawn consists 
of six light carriages, but this in no way rep- 
resents the capacity of the engines. In the 
early part of the day the trains are much 
longer; and on several occasions fourteen 
carriages have been taken from Windsor to 
Paddington, a distance of about eighteen 
miles, in a little over twenty minutes. We 
have carefully timed these engines when get- 


ting away with their trains, and found them | 


to be quite as expeditious as Mr. Fowler’s 
engines, perhaps a little more so. 
respect their performance is most satisfac- 


In every | 


| ing-stock instead of heavy, we shall find that 
'the saving may possibly reach double the 
sum we have named. 


CAST-IRON FORTS. 
From *‘ Engineering.” 


In these days of Shoeburyness trials, when 
almost every conceivable combination of iron 
and steel capable of forming a target has 
been subjected to hammering by shot and 
shell, with more or less satisfactory or un- 
satisfactory results, it is something to come 
across the proposal of a really novel, and at 
the same time promising, system of fort con- 
struction. We have had shields formed en- 
tirely of wrought iron, shields of iron with 
wooden backing, shields of iron and steel, 
granite casemates with iron shields, and a 
‘host of other devices, and now we have Mr. 
Thomas R. Crampton’s proposal to make 
Not a very promising 





|forts of cast iron. 
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material some of our readers will say ; and 
we must own that except it be employed in 
the way Mr. Crampton proposes, they are 
right. The proposal to use cast iron as a 
material for constructing shields or defences 
is not new, and Mr. Crampton lays no claim 
to it; but what he does claim is the plan of 
constructing forts by casting them in situ, 
either in one single piece or in blocks of 


that it would be satisfactory. Mr. Cramp- 
ton, however, does not confine his plan to the 
application of cast iron alone ; but he states 
that the metal may be strengthened by melt- 
ing up scrap iron with it, or in some cases 
the castings may be formed of steel or iron 
produced by the Bessemer process. Whether 
it would be possible to apply the Bessemer 
process to the satisfactory production of such 





large size, each weighing not less than 200 | gigantic masses we cannot say, but we have 
tons or so. Forts thus constructed would | no doubt about the possibility of producing 
afford very different resisting powers to de-| them in plain cast or toughened cast iron. 
fences built of cast-iron blocks weighing In the case of the cast-iron forts being of 
three or four tons each, such as have been in | such form as to require portholes, Mr. Cramp- 
some cases proposed ; and although we have | ton proposes to guard each opening by the 
no data from which we could calculate what | insertion in the casting of a massive block 
the resisting power of such massive blocks | of wrought iron or steel of suitable form. 


as Mr. Crampton proposes to use would be, 
we are, we think, justified in stating that the 
system is worthy of a trial. 


That there would be no great practical | 


difficulty in constructing such forts is cer- 
tain. The process would be merely an ex- 
tension of that which has been so successfully 
carried out by Mr. Ireland in a number of 
instances, when large anvil blocks have had 
to be cast. All that would be requisite 
would be to prepare the necessary founda- 


As for the expense of constructing such 
forts as we have above described, Mr. Cramp- 
ton estimates that a cast-iron structure might 
be made six or seven times the thickness of 
|a built-up wrought-iron structure of the 
same total cost; and considering the high 
price of heavy wrought-iron armor plates, 
we do not think that this estimate is an un- 
reasonable one. All events, we think that 
our government authorities might do many 
worse things than test the effect of shot and 


tions, and construct in situ a mould of the | Shell on a 200-ton block of cast iron. 
required form, this mould being either made 
of brickwork, or of a combination of brick- 
work and iron framing, according to the | 
circumstances of the case. Around the 

mould would be arranged, in convenient posi-| The advantages of liquid fuel, when pro- 
tions, a series of cupola furnaces, the number | perly used, over coal, for steam purposes, 
of these furnaces being regulated by the | have long since been fully demonstrated, and 
size of the casting to be produced and the | they stand unquestioned. Hitherto, the en- 
time allowed for completing the operation. | deavors to utilize mineral oils have been 
Mr. Ireland has, as we have said, produced | chiefly confined to the furnaces of boilers ; 
a number of large _castings by a similar | hut now we have another eminently success- 
method, and about eighteen months ago (vide | fy) application of the oil furnace to metal- 
page 496 of our fourth volume) we described | lurgical purposes. Our readers can hardly 





LIQUID FUEL IN METALLURGY. 


From the *‘ Mechanics’ Magazine.” 


the casting in this way of an anvil block 
weighing 210 tons at the Bolton Iron and 
Steel Works. The metal for this block was 
run from two cupolas in 8} hours actual work- 
ing time, and the casting proved perfectly suc- 
cessful. Judging from the experience al- 
ready gained, there appears to be practically 
no limit to the size of the castings which can 
be produced on this system, and we feel 
certain that Mr. Crampton would have no 
difficulty in casting his forts, as he proposes, 


in solid blocks, weighing 5,000 tons or so, if| 


occasion should require it. 

We have said that we have no data as to 
the resistance to shot afforded by cast iron in 
large masses; but we are inclined to think 


have forgotten the successful trip of the 
** Retriever,” a steam ship of 500 tons bur- 
den, which was fitted up on the system of 
oil furnace invented by Mr. Dorsett, of 
London.* This system consists in burning 
in the furnace the vapor of creosote, which 
is produced in an auxiliary boiler. Having 
established the success of the principle in 
one direction, Mr. Dorsett conceived the 
idea of utilizing it in another—that of heat- 
ing iron plates for bending. The idea was 
first put into execution about four months 
since, when Mr. Dorsett obtained permis- 
sion to apply his system of burning liquid 








* Van Nostrand’s Magazine, No. 1, p. 57. 
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fuel to a plate-burning furnace in Woolwich 
Dockyard. This ‘was for plates of the ordi- 
nary thicknesses used in iron shipbuilding, 
and the results were so satisfactory that the 
authorities directed the principle to be ap- 
plied to an ordinary plate-bending furnace 
and to an armor-plate furnace in Chatham 
Dockyard. It is to the latter of these we 
wish to direct special attention, as being 
a great triumph of the Dorsett principle of 
burning liquid fuel. 

Under ordinary circumstances, the armor- 
plate bending furnace is lighted from four 
to five hours before the plate is placed in it. 
The time occupied in heating the plate for 
bending depends upon its thickness—one 
hour per inch of thickness being allowed. 
Taking, then, a 6-inch plate—as upon the 
present occasion—we get from ten to eleven 
hours from the time of starting before the 
plate is ready for bending. Let us now see 
what the liquid fuel will do. Upon our 
visit to Chatham, the cold furnace was light- 
ed, and after an hour was deemed sufficiently 
heated. A 6-inch armor-plate, 7 ft. 6 in. long 
by 3 ft. wide, was then consigned to the fur- 
nace, and after an hour and a-half was 
drawn out thoroughly heated and ready for 
bending. Thus, in two hours and a-half we 
have the work of ten or eleven hours com- 
pletely and satisfactorily performed. Nor 
is this all; the advantages of the system do 
not stop here. The plate was remarkably 
free from scale, which can only be accounted 
for by the absence of the deteriorating influ- 
ence of the products of combustion in the 
ordinary furnace. Another valuable result 
arises from this same cause ; thinner plates, 
when heated by liquid fuel and bent double, 
show no signs of cracking, as they usually 
do when they have been heated in the coal 
furnace. This important feature is reck- 
oned to save ten shillings per ton on the 
metal, which amount it would lose in value 
by deterioration under the ordinary method 
of treatment. The vaporized creosote is 
supplied to the furnace under notice from 
the generator by six jets, which are led in 
through small openings, by which means 
also just a sufficient quantity of atmospheric 
air is admitted to support combustion. This 
method of supplying the heat also offers 
another advantage; it can be applied to the 
whole or any portion of the plate. Thus, 
if a plate requires to be bent at one end 
only, then the heat is directed to that part. 
Further, the rate at which the metal is 





heated can be regulated to a nicety by either 


increasing or diminishing the number of 
jets. The consumption of oil at Chatham 
is 108 gallons per furnace per day. 

Close beside the armor-plate furnace is 
another one for heating thinner plates, and 
which has been regularly at work for some 
time past. It is heated by four jets, and is 
supplied from the same generator as the 
larger one, and which is placed between the 
two. On the occasion of our visit some half- 
inch plates were being heated and bent to 
various templates. The average time occu- 
pied in heating was seven minutes; with 
the ordinary furnace it takes from twelve to 
fifteen minutes for each plate. As already 
stated, the heating of the 6-inch plate was 
only experimental and preparatory to a reg- 
ular course of practical work which is about 
to commence. But it was an eminently 
successful experiment, and, moreover, was 
not the first made in the same furnace. The 
plate in question had been through the same 
process three times previously, although its 
clean, smooth surface would not have led to 
that supposition, for it had the appearance 
of having had nothing done to it since it 
left the rolls. The future work of the fur- 
nace will consist in heating the armor-plates 
for bending for the ‘‘ Sultan,” a vessel of 
5,226 tons burden, now constructing. In 
this furnace we have another practical evi- 
dence of the value of liquid fuel when util- 
ized in the form of vapor. In its working 
we have some of the most remarkable and 
unlooked-for results, which, while they fully 
satisfy us for the present, only lead us to 
expect further and even more important im- 
provements in the application of the system. 


-~ BrEssEMER STEEL Works AT TRoy. 
—The two-ton plant of Messrs. John A. 
Griswold & Co. is in constant operation, 
producing some 300 tons of rail ingots per 
month. The walls and machinery of the 
new five-ton plant (to replace that destroyed 
by fire in October last) are nearly complet- 


ed, upon an enlarged plan. The roofs, fur- 
naces and smaller machinery, are yet to be 
placed. The new blowing engine, the largest 
in this country, is nearly ready torun. This 
company are prepared to take orders for rails 
for spring delivery, and will be able to exe- 
cute them upon the completion of the new 
plant this fall, at the rate of 1,800 to 2,000 
tons per month. They are also prepared to 
furnish rolled bars and shapes in steel, having 
erected a heavy mill for this special purpose. 
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ON RIVETS AND RIVETING. 


BY MARTIN BALCKE, 


Translated for Van Nostrand’s Magazine from Polyt. 
Centralblatt. 


both simultaneously. If a rivet has to with- 
stand a tearing strain, the height of its head 
|must be such that the cylindrical surface 
| which would make its appearance when the 
head of the rivet would be stripped off, is 


The following remarks do not refer to riv-| equal to the area of a cross-section through 
eting for the purpose of merely uniting two the rivet. If we denote the height of the 


parts of machinery or two sheets of iron, but 
they apply to rivetings which require a high- 
er degree of strength and solidity, as, for 
instance, for boilers and working parts of 
machines. It is a general rule for all con- 
structions, especially for those in iron, to 
distribute the strain which has to be with- 
stood by a certain part of a machine, as 
evenly as possible over the solid mass of the 
said part. This rule is also very important 
in the use and arrangement of rivets. The 
simplest and safest way to carry out this rule 
is to calculate directly the areas of the 
working sections, and to see that the strain 
which acts on any part of a section, does not 
exceed certain limits generally conceded to 
the respective materials. This is the way, 
also to avoid the use of empirical formule, 
the most important coefficients of which are 
always dictated by the personal opinions and 
notions of their authors. 

The force necessary to tear a wrought iron 
bar of a certain section, is so nearly equal to 
that required for cutting or shearing the bar, 
that both may be considered as equal in cal- 
culations, for practical purposes. The limit 
of elasticity of soft wrought iron, as general- 
ly used for rivets, is at a pressure of about 
18,000 Ib. on the square inch. With boilers 
the strain of tension per square inch of sec- 
tion of the material, ought not to reach 
9,000 Ib.; because continued heating and 
long use weakens the material considerably. 


In the construction of stationary boilers, one | 


square inch of section, taken through the riv- 
eting, ought generally not to be strained 
above 12,000 lb. But if a riveted part of a 
machine has to sustain a strain acting alter- 
nately in two different and opposite direc- 
tions, this strain should never exceed 2,000 
lb. per square inch of section. 

If a quite uniform distribution of the 


head by the letter h, we obtain the equation: 
QrnrXh=rn, 


which gives us— 


r 
= a > 
that is, the height of the head has to be one- 
half of the radius, or one-fourth of the dia- 
meter of the rivet. 

Practical experiments on the strength of 
rivets have come to the same result, and 
have besides shown very distinctly that the 
rivet-holes should never have sharp edges, 
and that the head of a rivet ought to be con- 
nected with the shaft by a conical part. 
Whenever this part is omitted, and when, 
consequently, the rivets have sharp corners 
below their heads and the rivet-holes sharp 
edges, the rivets break close to the head, 
when subjected to a strain of tension and 
when the heads are strong enough not to be 
stripped off. When, on the contrary, the 
rivets have a conical connecting part between 
their heads and shafts, they extend consider- 
ably before they break, and the rupture 
finally occurs in the middle of the shafts. 
All experiments have given this result with- 
out exception. 

Rivets subjected to a shearing strain only, 
would theoretically not require any head at 
all. But it is good, also, in this case to 
make the heads of the rivets as high as above 
determined, because generally a close con- 
tact of the riveted parts is desirable, and 
because the rivets, being set in red-hot, have 
to resist the strain of tension produced by 
their contraction in cooling. 

If the heads of rivets have to be counter- 
sunk, their best shape is that of a truncated 
cone, the angle at the point of which cone 
would be of 75 deg. 

The sectional area of the shaft of a rivet, 





strain over all the sections cannot practically 
be obtained, at least the tension of the sec-| 
tions which are exposed to the highest strains | 
ought to be kept within the above-mentioned 
limits. 

The shape of the head of a rivet is depend- | 
ent on the kind of strain to which the rivet. 
is subjected. This strain can have the tend- 
ency of tearing or of shearing the rivet, or of | 


Vou. I—No. 7.—40. 


expressed in square inches, is found by divid- 
ing the actual and total strain on the rivet, 
by the strain practically admissible on the 
square inch of the respective material. 

We will now examine the riveting of sim- 
ple round boilers. We designate by D the 
diameter of the boiler, by P the steam pres- 
sure per square inch, by ¢ the distance be- 
tween the rivets, by p the shearing strain on 
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every rivet in the length-row. Thus the 
strain to which the boiler is exposed on 
every rivet-distance of its length, is express- 
ed by D Xt X P, and as this strain is 
divided on the two opposite sides of the boiler, 
we obtain the formula for the shearing strain 
on a rivet: 


The strain on a rivet-distance of the rows 
round the boiler, is measured by a triangle 
whose base would be the rivet-distance, and 
whose height the radius of the boiler. Con- 
sequently the strain on every rivet of the 
rows round the boiler is expressed by the 
formula— 

Dx?txP 
—mctiene Spas 

Now, to obtain an even distribution of the 
total pressure in the boiler over all its sec- 
tions, the sectional area of a rivet has to be 
equal to the sectional area of the plate be- 
tween two rivet-holes, and equal also to the 
double area of a section through the plate, 
from a rivet-hole to the edge. If we call a 
the thickness of the plate, d the diameter, 
and q the sectional area of a rivet, we obtain 
the formula— 


g=(t — d) .a, or t= 244, 


from which we conclude that the rivet-dis- 
tance is dependent on the diameter of the 
rivets, and, reciprocally, the diameter on the 
distance. To determine these, it is neces- 
sary to take into consideration the possibil- 
ity of making and keeping the boiler tight, 
which possibility depends principally on the 
relation between the thickness of the plate 
and the rivet-distance. Let us consider a 
special case to explain this more fully. We 
suppose a simple cylindrical boiler to have a 
diameter D = 42 in.; the thickness of the 
plate, a= 0.3 in.; the excess of the steam 
pressure over the atmospheric pressure, P = 
42 lb. Under these conditions the strain of 
tension per square inch of plate-section, tak- 
en parallel to the axis of the boiler, is— 

D 1 21x 42 

3 Xx Px = oa 2,940 Ib. 

In taking the areas of the rivet-sections 
equal to those of the plate-sections contained 
between two rivet-holes, according to the 
above rule, and in calculating the following 
items for three different rivet-diameters, for 
the sake of comparison, we find— 





The rivet-diameter being . . gin. fin. Zin. 
Area of rivet-seetion (sq. in.), gq= 0.307 0.442 0.601 
Distance between rivets (inches), 
= 4 ee «a ss == 1.648 2.22 2.878 
Shearing strain on a rivet (Ibs.), 
p=DXtxXP |, . . = 1,453 1,959 2,538 
Strain per square inch on a section 
through the plate, or through 
the rivets in the length-rows of 
the boiler (Ibs.) = r . « == 4,730 4,430 4,220 
[The shearing strain on rivets 
and the strain per square inch of 
section in the rivet-rows round the 
boiler, are one-half of those in the 
length-rows.] 
The strength of the riveting com- 
pared to the strength of the sim- 


ple plate=*— . . . = 0.62 0.66 0.70 


—  ——  .... 


The advantages and disadvantages of the 
one or other of the chosen rivet-diameters 
are clearly shown by these tables. The 3 
inch rivets produce a very small comparative 
strength of the riveting (0.62). The { inch 
riveting has a great comparative strength ; 
but the distance between the rivets (2.878 
in.) is too large in proportion to the thick- 
ness of the plate, to allow of a good and safe 
tightening of the joints. The } inch rivets, 
not showing either of the two mentioned 
disadvantages in a considerable degree, are 
evidently the best in this special case. 


THE STEAM CARRIAGE SYSTEM. 
From ‘‘ Engineering.”’ 

So much has been said and, we may add, 
so much has been written, at various times 
during the past twenty years respecting the 
system of working railways by steam car- 
riages, that the subject is apt to be regarded 
as somewhat a threadbare one. Toa certain 
extent it may no doubt justly be so regarded ; 
but, we think, to a certain extent on and 
we believe that the steam carriage system is 
yet destined to receive far more attention 
from railway engineers than has hitherto 
been vouch-safed to it. And there are sev- 
eral reasons why this should be the case. 
In the first place there can be no doubt that, 
in the passenger-carrying stock of the present 
day, the amount of dead weight bears far too 
great a proportion to the paying load carried ; 
and, secondly, railway proprietors have be- 
come cognizant of this fact, and not being 
rendered complacent by the receipt of enor- 
mous dividends are disposed to listen fair- 
ly to the arguments of those who advocate 
reasonable improvements in railway work- 
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ing. There are moreover, other reasons be- 
sides these—as we shall point out presently— 
why the steam carriage system is likely to 
receive a more extended trial than it has yet 
had. 


The opponents of the steam carriage 
system state, as one of their strongest argu- 
ments against it, that it was tried twenty 
years ago and failed—or at least if it did 
not fail utterly, that it was abandoned be- 
cause it was found that it did not satisfy the 
requirements of railway working. That the 
steam carriage system was tried and aban- 
doned is undeniable ; but it is well worth 
while to inquire more closely into the reasons 
for its abandonment, and see whether they 
would apply in the present day. It is 
acknowledged even by the opponents of the 
system—or at all events by all those 
whose opinion is of any great value—that the 
running expenses of the steam carriages 
formerly tried were low, that the carriages 
did not lack adhesion or tractive power, 
and that they ran steadily at high speeds ; 
and itis therefore not toa want of these 
qualifications that we are to look as a reason 
for their disuse. Twenty years is a very 


long period in the history of railways, and 
very many importanf changes have taken 


place since Mr. William Bridges Adams’s 
steam carriage ‘“‘ Fairfield”? was set to work 
on a branch of the Bristol and Exeter Rail- 
way, and Mr. Samuel ran the “ Enfield” 
on the Great Eastern—then the Eastern 
Counties,—line. At that time the aver- 
age weights of locomotives and carriages 
were only about two-thirds what they are 
now, and the proportional reduction of 
dead weight effected by the steam carriage 
system was consequently far less than it 
would be at the present day. The early 
steam carriages, also, although reflecting 
great credit on their designers, had one very 
important practical defect, this being, that the 
engine proper and the part affording accom- 
modation for passengers formed a single in- 
divisible vehicle, and, as a necessary con- 
sequence, the carriage was exposed to the 
dirt and smoke generally to be found in an 
engine shed. The early steam carriages 
were also wanting in flexibility, as, although 
they were fitted with a contrivance of Mr. 
Adams’s for allowing a certain amount of 
lateral motion to one of the axles, yet they 
were not adapted for traversing sharp curves, 
and their length was necessarily limited. In 
recent designs, such as that of Mr. Fairlie, 





defects have been remedied ; such a system 
of construction being adopted that the pas- 
senger carrying portion may be readily de- 
tached from that furnishing the motive 
power, and may thus be housed separately, 
whilst the double bogie system gives perfect 
facility for traversing curves. 

Again, the whole essence of steam carriage 
construction lies in effecting every possible 
saving of dead weight ; and there are now 
opportunities of effecting such saving which 
either did not exist or were not recognised 
twenty years ago. The use of steel, for 
instance, as a constructive material, has only 
become common, or, indeed, possible, during 
the last few years ; and our steam fire-engines 
and the launch engines made by our leading 
firms of marine engineers show its usefulness 
in light engine construction. It is in fact 
by the employment of steel for boilers, con- 
necting and piston-rods, pistons, axles, tyres, 
frames, and other details, that the principal 
reduction in the weight of steam carriages 
is likely to be effected. The saving of 
weight in each detail may doubtless be small, 
but the aggregate of such savings becomes 
something considerable. Then, again, it is 
not so very long since such pressures as 140 
lb. or even 160 Ib. per square inch now car- 
ried in many locomotive boilers were unknown 
in railway practice ; and, as a necessary con- 
sequence, no advantage was taken in the 
earlier steam carriages of the reduction in 
weight of boilers and cylinders, which the 
adoption of such pressures renders possible. 

So far we have only spoken of what we 
may term the constructive advantages likely 
to be possessed by the staem carriages of the 
present day over those of twenty years ago; 
but we must now regard the question of 
their introduction from an entirely different 
point of view. At the time when steam 
carriages were experimented upon, our rail- 
way system, as a whole, differed materially 
from that which we possess now, and still 
more materially from that which we are 
likely to possess before many years have 
elapsed. Twenty years ago the construction 
of a railway was looked upon as an import- 
ant work, nowadays railways may almost be 
said to be manufactured, and the opening of a 
new line, unless it be one of exceptional im- 
portance, receives little more attention than 
the completion of a new street or roadway. 
Twenty years ago, when the total mileage of 


the railways of the United Kingdom was 
‘only about ‘one-third of the present amount, 


lately illustrated in our pages, both these | branch lines formed a comparatively unim- 
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portant part of the general system, and light 
surface lines, serving small country towns 
and villages, were unheard of. At the pres- 
ent time, on the contrary, we have branch 
lines innumerable, and the question of how 
best to work branch line traffic has become 
one of the most important problems with 
which railway men have to deal ; whilst be- 
fore many years have elapsed the necessities 
of the country will demand the addition to 
our present system of hundreds of miles of 
light railways following as closely as possible 
the surface of the country traversed by them, 
or in many instances constructed along roads 
already existing—railways which it will be 
impossible to work economically with the 
engines and carriages at present in use, and 
which will, therefore, have to have special 
passenger-carrying stock designed for them. 

Now, it appears to us that in the numerous 
branch lines of the present day, and the 
probably still more numerous light surface 
lines and tramways of the future, there is an 
immense field for the employment of steam 
carriages, which had practically no existence 
when those carriages were tried twenty years 
ago; while even on our main lines there are, 
as we have on previous occasions pointed out 
in this journal, certain circumstances under 
their use which would be advantageous. We 
believe that the advantages of steam carriages 
would be more universally recognised if they 
were not so very generally regarded as some- 
thing entirely distinct from ordinary rolling 
stock. A steam carriage is in reality no- 
thing more nor less than a very light 
train and very light engine combined, and it 
should be regarded as a combination of this 
kind, and nothing else. But, it may be said, 
why not employ, in place of a steam carriage, 
a light carriage or carriages, of the ordinary 
form, drawn by an engine, also of the ordinary 
pattern, but of light construction? At first 
sight it may appear that such light rolling 
stock would possess all the advantages of 
steam carriages, and obviate some of their 
disadvantages ; and, theoretically, this is, no 
doubt, the case. 
construction of very light locomotives of the 
ordinary pattern involves many difficulties, 
and we do not hesitate to affirm that no in- 
dependent locomotive, capable of drawing 
loads of, say, 30 tons or so over lines having 
moderate gradients, and capable also of be- 
ing run steadily at speeds of 30 or 40 miles 
per hour, could be constructed with such a 
small amount of dead weight as an engine 
forming part of a well-designed steam car- 


Practically, however, the | 


riage. With an independent locomotive, also, 
the weight available for adhesion is limited 
to that of the engine itself; with the steam 
carriage the adhesion weight can be increased 
by imposing upon the wheels a portion of the 
load drawn—an important difference. 

Taking, then, all the bearings of the ques- 
tion into consideration, it appears to us, first, 
that steam carriages may now be constructed 
which will fulfill the requirements of the 
traffic for which they are intended far more 
perfectly than those formerly tried; and, 
secondly, that there is at present a vast field 
for the employment of such carriages, both 
here and abroad, which did not formerly 
exist. Suchasteam carriage, for instance, as 
that of Mr. Fairlie,* would work the passen- 
ger traffic on any of the Welsh lines at what, 
we believe, would be found to be but a small 
portion of the cost involved under the system 
at presentadopted. This being the case we 
are glad to find that a company has been form- 
ed—under the title of the Railway Working 
Association—to bring, amongst other mat- 
ters, steam carriages fairly before the rail- 
way public. The company which consists of 
but a few members, includes several engineers 
well known for their experience in railway 
making and working, as well as other en- 
gineers of acknowledged standing in their 
profession ; and it has purchased the whole 
of Mr. Fairlie’s patents with a view to the 
introduction, both here and abroad, of roll- 
ing stock constructed on that gentleman’s 
plans, and particularly of his steam-carriage 
system, of which we have lately had occasion 
to speak in very favorable terms. It is pro- 
posed by the company to, in the first instance, 
place these carriages on one or more of 
our English lines, and maintain them for a 
certain percentage of the receipts, so that 
their capabilities may be fairly and publicly 
tested. At first we believe that it is intend- 
ed to employ the steam carriages for branch 
traffic, but subsequently the system may 
probably be extended. The company also 
propose to lease and work railways, and 
tramways, and let locomotives and rolling 
stock, and we do not doubt that they will 
find full scope for their operations. 


Ew Metuop or STEAM GENERATION.— 
Some notable results have lately been 
obtained by means of the circulation of a 
'stream of mercury ina coil of pipe. The 
| lower end of the coil receives the heat, while 
‘the upper end distributes it to the water. 


| 








| *See Van Nostrand’s Magazine, No. 5, page 401. 
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THE MEASURE OF POWER AN unit of time ; and ¢, the time. 


Professor Henry F. Walling of La Fayette; In applying these principles to any 
College, in referring to an article on this | «question in mechanics” —that of the rail- 
° . . ‘ © ” . . i 4 
subject orem in the ** ge N + |way-train, for instance—it is only necessary 
pony : eae So eae ' yori a | to = pag henge and its answer 
are » bu nt res \is easily given. ere are circumstances 
of force; and discusses the subject as fol- | attending the motion of the train which 





D FORCE. | associated force ; f, the force developed ina 


lows :-— 
We may avoid all confusion in this 


matter by adopting the modern expedient of | 


giving different names to the same agent, in 
considering the different effects which it 
causes. If we define force to be that which, 
when associated with matter, causes it to 
move, the appropriate measure of quantity 
of force is “quantity of motion” or momentum, 
represented by MV; but when we consider 
the work which is performed, or to be per- 
formed, we find it convenient to use a unit of 
measurement entirely different in its nature 
from that of quantity of force or motion ; 
and when measured by this unit, we term 
the acting cause “‘power”’ or “energy.” The 
performance of work may be generally de- 
fined as the moving of bodies, or parts of 


|tend to complicate the solution of the pro- 
'blem, namely, the resistance of the air, 
friction, etc. Frictional resistance is a con- 
squence of motiun imparted to molecules, 
by which their heat is augmented; the 
resistance of the air is simply due to its 
|inertia, and thus a large part of the power 
\of the locomotive is consumed in space 
effects upon the air, and the atoms or mole- 
cules of the rails, wheels, axles, etc. Having 
no exact means of determining the aggregate 
amount of these motions, we can only as- 
certain it by actual experiment. 

We may, however, simplify the question 
by supposing the rails to have just sufficient 
inclination downwards in all parts of the 
train’s progress to exactly balance the ex- 
ternal resistances above mentioned. If, now, 





bodies, through certain definite spaces, | you would know the moving force required 
against continuous “resistances,” or opposing | to give the train a certain velocity, it is 
forces. It may be represented in the form | clearly measured by MV, as shown in the 
of an equation, thus—P = ps, proportional | previous editorial article ; but if you wish 
to MV’, in which P represents the quantity | to estimate the work done in giving it this 
of power or energy ; p, the continuous pres-| velocity, or the work the moving train is 
sure, or its equal, the resistance ; and s, the | capable of doing, if rendered independent 
distance passed through. | of the locomotive, as the distance on a level, 


If any doubt should arise as to which | or up an inclined plane, it will move against 
measure is the proper one to make use of, | a constant resistance, this quantity must be 
we have only to ask ourselves what kind of | measured in units of its own kind—that is, 


effects are to be taken into consideration. | of ps, proportional to MV’. 
In all the operations in which muscular | In estimating the amount of coal which 
power or motive power of any kind, acting | must be consumed to perform a certain 
through machinery, is concerned, space effects | amount of work, we may suppose that the 
are what we have to do with—that is, we | effect is due to the falling together of the 
have to estimate the spaces through which| atoms of carbon and oxygen, increasing 
matter is moved against opposing force ; and the molecular motion or heat of the com- 
ps, or its equivalent, MV*, becomes the con- | pound atoms of carbonic acid thus formed. 
venient and proper measure. Qn the other This motion is transferred to the aqueous 
hand, when we consider the effect of a uni- | molecules, converting them into steam ; the 
formly acting force like terrestrial gravity molecular motion of the steam imparts mo- 
(within narrow limits), in giving motion to |tion to the piston of the locomotive, and, 
a body freely acted upon, we see that the | finally, to the train itself. The sum of all 
force which becomes associated will be direct- | the atomic weights, or rather attractions, 
ly as the time—that is, equal increments of | multiplied by the distance through which 
force will be added in equal times; andthe atoms have fallen, is the amount of 
since we find that equal increments of velo-| work which they are capable of doing.— 
city are also added, we have F = ft, propor- Hence the power thus generated is measured 
tional to MV: F representing the entire jin units of ps, and is in direct proportion to 
| the quantity of coal consumed. 

We perceive, to sum up, that while MV 





*See Van Nostrand’s Magazine, No. 3, Page 275. 
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is the true measure of pure force, as an | 
abstract quantity, ps or MV’ is the proper | 
measure for power to perform all mechanical | 


operations. 


HE New Enauisn Turret Saips.— 
The House of Commons has recently 
decided, by a majority of seventy-six votes, 
that England wants three new men-of-war ; 
and that the best form which these men-of- 
war could assume was that of turret ships, 
each 4,400 tons burden, 285 ft. long, draw- 
ing 25 ft. 9 in. forward, and 26 ft. 6 in. aft, 
propelled by twin screw engines, nominally 
of 800 horse power, and carrying 1,750 
tons of coal, assumed to be sufficient for 
ten days’ consumption at twelve and a half 
knots—the maximum speed to be attained 
—eighteen days’ consumption at ten knots, 
and twenty-five to thirty days’ consumption 
‘‘at a low rate of speed,” a slightly in- 
definite parliamentary phrase. The ships 
are to have no masts, and will each carry 
two turrets, and two twenty-five ton guns 
mounted in each turret. The freeboard of 
these vessels is to be 4} ft. only. The bases 
of the turrets are to be protected by a 
heavily armored breastwork, 7 ft. high. 
The guns will be raised above the water 13 
ft. 2 in., and will fire over the breastwork. 
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The cut, which we take from ‘“ The Engi- 
neer,” is rather a sketch than a working 
drawing, but shows the general design. 





These vessels are criticized by some author- 
ities, and approved by others. They will 
undoubtedly prove useful and efficient, es- 
pecially in the steam engineering depart- 
ment, and their adoption shows the growing 
appreciation not only of the turret, but of 
the Ericsson system. 


ON THE CENTRIFUGAL FORCE OF RO- 
TATING SHAFTS. 

By W. J. Macquorn Rankine, C.E., LL.D., F.R.S. 
From ‘‘ The Engineer.” 


1. Object of this Communication.—The 
object of this communication is to explain 
in a form suitable for practical application, 
the results of a mathematical investigation 
of the action of the centrifugal force in long 
lines of shafting; an action of which no 
similar investigation has, to my knowledge, 
been hitherto published ; although it is one 
which may seriously affect the strength, 
durability, and economical working of ma- 
chinery. 

2. Centrifugal whirling described gene- 
rally.—In Fig. 1, let A and B represent 
bearings at the two ends of a rotating shaft, 
and A B its axis of rotation. Any small 
deflection of the center line of the shaft from 
the axis A B gives rise on the one hand to 
centrifugal force, tending to make the de- 
flection become greater, and on the other 
hand to an elastic stress, resisting the de- 
flection, and tending to straighten the cen- 
ter line again. The resistance to deflection 
may be shortly called the stiffness. For 
very small deflections, the centrifugal force 
and the stiffness both increase according to 
the same law, being both sensibly propor- 
tional to the deflection simply ; hence which- 
ever of them is the greater for an indefi- 
nitely small deflection, continues to be the 
greater until some deflection is reached 
which causes a sufficient difference between 
their laws of variation. The consequence 
is, that if for an indefinitely small deflection 
the centrifugal force is equal to or greater 
than the stiffness, the shaft must go on per- 
manently whirling round in a bent form, as 
shown by the curves A D B, A d B, to the 
injury of itself and of the adjoining ma- 
chinery and framing: a kind of motion 
which may be called centrifugal whirling. 
On the other hand, if for an indefinitely 
small deflection the stiffness is greater than 
the centrifugal force, centrifugal whirling is 
impossible, 
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Fig. 2 repre- a 
sents by the cur- 
ves E G, E g, the 
centrifugal whirl- 
ing of an over- 
hanging end of a 
shaft, the direc- 
tion of whose axis 
of rotation E F is 
fixed by the bear- 
ing at KE. : 

For a shaft of a & 
given length, dia- 
meter, and mate- 
rial, there is a 
limit of speed, 
and for a shaft of 
a given diameter 
and material, 
turning at a given 
speed, there is a 
limit of length, 
below which cen- 
trifugal whirling is impossible. 

3. General Nature of the Investigation.— 
The mathematical expression of the condi- 
tions of the problem leads to a linear differ- 
ential equation of the fourth order, integra- 
ble by means of circular and exponential 
functions. The integrals are (as might have 
been expected) identical in form with those 
obtained by Poisson in his investigation of 
the transverse vibrations of elastic rods 
(Traité de Mécanique,” vol. ii., § 528) ; and 
some of the numerical results calculated by 
Poisson are applicable to the present prob- 
lem. The relation between the limits of 
length and of speed depends on the way in 
which the shaft is supported. The only two 
cases which will here be given are those re- 
presented in Figs. 1 and 2, viz., the shaft 
supported on two bearings at its ends, and 
the overhanging shaft with one end fixed in 
direction. The general equations, however, 
enable the problem to be solved for an in- 
definite number of different ways of sup- 
porting the shaft. 

4, Formule.—Let g denote gravity (= 
32.2 ft., or 9.81 meters per second); H, the 
modulus of elasticity of the material, ex- 
pressed in units of height of itself (say 
about 8,000,000 ft., or 2,400,000 meters for 
wrought iron); 7, the square of the radius 
of gyration of the cross section of the shaft 


about its neutral axis (= ae for a 
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shaft, ete.) and a, the angular velocity of 
rotation (=27 X number of turns per se- 
cond). Calculate a certain length, 5, as 


follows: 
_(Hgr\t 
b-(“£7) (1) 


Then the limit of length, 7, below which 

centrifugal whirling is impossible, bears a 

ratio to 6, depending on the manner in 
which the shaft is supported, for example : 
Shaft supported at the ends, 

i=mnb; 2 

=3.14160 5 © 

Shaft overhanging ; direction of one end 
fixed, Z = 0.595 7b 3 

=1875 5 ®) 


In practical calculations it may be conve- 


nient to put instead of 5, - ; where 2 is 


the number of revolutions per second, and 
A= re (= 0.815 ft., or 0.248 meter, near- 


ly) is the altitude of a revolving pendulum 
which makes one revolution in a second. 
This gives for the value of }, 
2 

b= (737) (4) 
It is obvious that r should be expressed in 
the same units of measure with H and A; 
for example, in feet, if they are expressed 
in feet. 

The inverse formule, for the limit of 
speed below which centrifugal whirling is 
impossible in a shaft of a given length, Z, 
are of course as follows: Make ) = 0.3183/ 
for a shaft supported at the two ends . . (5) 
or 6 = 0.5347/ for an overhanging shaft, (6) 
then the limit of speed, in revolutions per 
second is 


n= Ve . (7) 

The following are approximate values of 
H A, and its square root and fourth root, 
for British and French measures : 


HA /HA 
Feet, . . 6,520,000 25,500 160 
Meters, . 595,000 7,700 88 


5. Shaft with additional Load.—An addi- 
tional mass turning along with the shaft, 
such as a pulley, has little effect on the cen- 
trifugal force when it is in the usual posi- 
tion—that is, close to or near to a bearing. 

The effect of an additional rotating load 
distributed uniformly along the shaft may 
be allowed for by diminishing the height, 
H, of the modulus of elasticity in the same 


(HA) 
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proportion in which the weight of the shaft 
itself is less than the gross load. 

The effect of an additional rotating load 
at a point not near a bearing has not yet 
been investigated. The problem is capable 
of solution by means of the general inte- 
grals already known; but it is not of much 
practical importance ; for when a shaft is so 
long and so rapid in its rotation as to re- 
quire precautions against centrifugal whirl- 
ing, the first precaution is to avoid loading 
it with rotating masses which are not very 


near the bearings. 
GuiasGow University, April 2, 1869. 


CONSERVATIVE ENGINERRING. 


From ‘¢ The Engineer.” , 


Some twelve months since a pair of very 
handsome Corliss engines were put to work 
at Woolwich Arsenal. These engines have 
26 in. cylinders or thereabouts, and are got 
up in a style which leaves nothing to be de- 
sired. They may be taken as types of the 
most advanced practice of the day and as 
such we speak of them here. From records 


carefully kept it appears that their average 
consumption of very good coal is a little 


over 3 lb. per indicated horse-power per 
hour. We think most employers of steam 
machinery will agree with us that this is a 
most excellent performance, very few sta- 
tionary engines of moderate dimensions in 
our manufacturing districts burning less than 
3.5 lb. or 4 lb. of coal per horse-power per 
hour. As far back as 1850 it was calcula- 
ted that in the cotton factories of Lancashire 
the average consumption of coal was between 
6 lb. and 7 lb. per indicated horse-power per 
hour, consequently, at first sight, the Wool- 
wich Corliss engine, taken as a type, shows 
that very great improvements have been 
made in steam engines during the last twenty 
years or so. At the risk of astonishing our 
readers we venture to assert that the im- 
provement exists more in imagination than 
in reality. In other words, steam engines 
are now, with certain exceptions, as regards 
the consumption of fuel, very much what 
they were in the day of James Watt, who 
was not quite such a fool as some modern 
engineers would have us believe. It would 
not be difficult to adduce hundreds of cases 
to prove our proposition ; one will perhaps 
suffice. Not long since we indicated a small 
factory engine constructed by Boulton and 
Watt, and started in 1811. Our diagrams 
showed that this engine was working to about 





one half more than its nominal power. Its 
consumption of indifferent slack was little 
more than 43 lb. per horse-power per hour. 
For repairs during the sixty years the engine 
has been at work, almost without intermis- 
sion, it has cost little or nothing, and it is at 
this moment in excellent condition. Here, 
then, we have evidence, allowing for the dif- 
ference between coal and slack, going to 
show that the most improved engines of the 
present day are really but 1 lb. of coal per 
horse-power per hour better than those built 
half a century since. As to durability, when 
a steam engine of what is now the modern 
type has lasted half a century and is still in 
good condition, we shall be happy, if still 
living, to admit that work done in 1869 was 
at least as good on the whole as that of our 
forefathers. 

It is the custom with too many feeble- 
minded engineers to run down and depreciate 
the works of the mighty heads and hands 
that have gone before them. The custom is 
objectionable, and to be deprecated by every 
right-thinking man. We have quoted the 
case of the Corliss engine of 1868 versus 
the Watt engine of 1811 to show that, as 
regards factory engines, at all events, there 
is no foundation for the assumption that the 
modern engineer has beaten, and always can 
beat, his predecessors by an immense dis- 
tance ; and nothing would be easier than to 
cite hundreds of other examples, selected 
from both the civil and mechanical branches 
of the profession, all demonstrating the great 
truth that the men who have passed away 
from among us, not only originated great in- 
ventions, but developed them, and gave 
them to us so far perfected that we find it 
no easy task to improve upon them. He 
must be a clever man who can beat James 
Watt, or George Stephenson, or Isambard 
Brunel on what they made especially their 
own ground ; and nothing is, we think, more 
unjustifiable than the assertion, but too often 
made, that these men and their work will 
not bear favorable comparison with the en- 
gineers of the present day, and the deeds of 
the last dozen years. We have no doubt 
whatever that the assertion is based on honest 
convictions—if any conviction can be regard- 
ed as honest, the reasons for which have not 
been thoroughly sifted by those who hold to 
them. But this fact has not sufficed to save 
many clever men from commercial shipwreck, 
or to elevate others from the great mass of 
snobs—Thackeray used the word, so we need 
not apologise for it—Radicals in mechanical 
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science, the first held that all that had gone 
before their time must be susceptible of im- 
provement ; and disdaining to believe that 
engineers of sense and skill had ever lived 
till they were born, they launched out into 
extravagance, and, enamoured of change 
they adopted it for its own sake. For atime 
such men dazzle the world, and then they 
simply go out, and their place knows them 
no more. A little more conservatism of 
spirit, a little perception of the great truth 
that to change for the sake of changing is 
a mistake, a little more faith in the mental 
powers of the engineers who have passed 
away leaving their works behind them 
as everlasting testimonies to their skill, 
would have enabled many a modern engineer 
to win honor and gold, instead of that dis- 
appointment and penury which he has 
brought on himself by a reckless neglect of 
the teaching of the past. 

Let it not be thought that this article is 
written without a special purpose, or that it 
is based on theoretical considerations. We 
write it with the special object of warning 
the rising generation of engineers against a 
fatal error which young men are but too 
willing to fall into. This error consists 


simply in holding that little or nothing is to 


be learned from the works of the last genera- 
tion. Most young mechanical engineers 
determine that the moment they get a chance 
they will originate something great, or pro- 
duce something in steam or general machin- 
ery which shall surprise the world. No 
greater blunder could be committed. If the 
young engineer has talents, he will find in 
the works of the past generation much to 
admire, something to avoid, and a great deal 
to imitate. If he lacks talent, his only 
chance of success is to adhere to the beaten 
track of precedent. In either case it is 
well to bear two facts in mind. The first is, 
that there is no more certain road to success 
than the power of utilising the experience of 
others ; and the second, that innovating on 
established practice, is one thing, while ma- 
king money is quite another. 

We do not wish to be misunderstood. 
While advocating a conservative policy in 
engineering, we have no wish to stifle in- 
vention, or to bar progress by so much as a 
spider’s thread. There is still enormous 
room for improvement in numberless depart- 
ments of engineering, and we wish God 
speed to every one who endeavors to effect 
it. What we deprecate here is not the true 
spirit of improvement, but the false light, 





which, taking its rise in ignorance and 
vanity, leads men to commit great blunders, 
and to ensnare an innocent public in the net 
of destruction, yclept a limited company. 
Those who honestly determine that they will 
improve on what has already been done in 
any special branch of the profession, must 
begin by learning thoroughly what has been 
done, what remains to be done, and what those 
who have done part, have thought, and said, 
and written upon the subject asa whole. No 
true progress can be made in engineering 
science by him who treats the works of a past 
generation with contempt simply because they 
are old; and as years and experience come 
to men they will begin to perceive the truth 
of arguments which our younger readers may 
feel just a little disposed to pooh pooh. Facts 
crop up, indeed, every now and then in a 
curious and unexpected kind of way, as, for 
example, that which we cited in the first para- 
graph of this article, which should suffice to 
convince the most sceptical that at least six- 
ty years ago engineers might be found in 
England quite as clever as any who have 
been born since ; and the circumstance con- 
veys a very important lesson, by which cer- 
tain modern engineers would do well to 
profit. 


CALCINATION OF IRON ORES. 
From “ Engineering.” 

Some months ago we drew attention to the 
ovens designed by Mr. Aitkin for this pur- 
pose, and gave a general description of their 
objects and construction.* Since that time 
we have received an account of the results 
obtained by the use of these ovens for roast- 
ing corbonaceous iron ores, such as black- 
band, and those results appear to justify very 
fully the opinion we formerly expressed as 
to the value of Mr. Aitkin’s method. 

The trials were commenced at the Almond 
Iron-works in Scotland early in 1868. Pre- 
viously to that time the average make of the 
furnace had been from 515 tons to 720 tons 
per month, and the consumption of materials 
per ton of pig iron made had been on the 
average : 


Coke. Lime. 


Tron Ore. 
cwt. cwt. cwt. 


2775 38 10 
Actually the fuel used consisted of about 
one-third coke with two-thirds raw coal, and 
the corresponding proportion of coke has 





* See “* Engineering,”’ vol. vi., pp. 501 and 552. 
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been calculated on the basis that 1 ton of 
coke equals 2 tons of raw coal. 

Since the commencement of the trials this 
furnace has been worked with coked iron- 
stone in the proportion of about 40 per cent., 
and about 60 per cent. of a mixture of one- 
sixth of a poor lean blackband, put in 
calcined, and of five-sixths clay iron ore, 
very difficult to reduce in the furnace, and 
sometimes containing as much as 20 per cent. 
of silica after calcination. 

The coked ironstone has been analysed by 
Dr. Penny, who reports it to have the fol- 
lowing composition, viz. : 

Per cent. 
16.23 = iron 16.23 
86.29 = ,, 28.06 


trace. 
1.33 


Metallic iron 

Protoxide of iron 
Peroxide 
Sulphide.....--.+e--e0- 


45.62 
Phosphates, &c 
Silica and clay y 
Fixed carbon........+.. 27.20 
Water..... Prrrrrerrir 2.60 


99.61 


By the analysis of Staffordshire blackband 
similarly treated, the amount of iron in the 


metallic state was 36.48 ; that of protoxide, 
33.66 per cent. The slag obtained in work- 
ing the furnace with calcined ore was found 
to be very free from metallic iron. 

During the eleven months that calcined 
ore has been used, the make of the furnace 
has been on the average, 600 tons per month, 
ranging from 567 to 741 tons. The con- 
sumption of coke per ton of pig iron made 
has varied from 1 ton 8 cwt., when only 8 
per cent. of the coked ironstone was used, to 
174 ewt. when the proportion used amounted 
to 424 per cent. Throughout this period the 
proportion of the coked ironstone was gradu- 
ally increased from 8} per cent. to 42} per 
cent., and the tabulated quantities of fuel 
consumed, show that the saving of fuel was 
proportionate to the amount of calcined ore 
in the working charge. With the largest 
proportion of the coked ironstone, this sa- 
ving amounted to 35 per cent., or 93 ewt. of 
coke per ton of pig iron made, for in the 
place of the former average consumption 
with raw ironstone of 27 ewt. per ton of pig 
iron, the consumption with coked ironstone 
was only 173 ewt. per ton of pigiron. This 
fact considered, together with the refractory 
nature of the clay ironstone amounting to 
more than one-half the burden, would seem 
to afford conclusive evidence that a very 





great advantage is to be gained by calcining 
the iron ores of a carbonaceous nature ac- 
cording to Mr. Aitkin’s method, and that 
there would be a great probability of effect- 
ing a still more considerable saving of fuel 
in the smelting of the ore if the whole bur- 
den of the furnace were coked black-band. 

The Shotts Iron Company have lately 
commenced working with ecoked ironstone. 
Formerly the burden of the furnace consist- 
ed of 143 ewt. coal and 143 ewt. calcined 
ironstone, and since using the coked ore it 
has been only 3} ewt. of coal to 143 ewt 
of ironstone. 

The amount of fixed carbon in the coked 
blackband above referred to is equivalent to 
about 53 ewt. of coke per ton of the ore, 
and since that would be to a great extent 
burnt away by calcining the ore in open 
heaps, it must be regarded as so much fuel 
saved. Besides this, the calcination in close 
ovens admits of the volatilisable portion of 
the bituminous contents of the ore being 
turned to account either as fuel or other- 
wise. This is a further source of saving; 
besides this, it must be remembered that by 
calcining in close ovens the oxidising in- 
fluence of atmospheric air is excluded, and 
consequently the work of reducing the ore 
may be in part performed in the calcining 
kiln, leaving so much the less to be done in 
the blast furnace, as is shown by the amount 
of metallic iron in the coked ironstones 
referred to above. 

Any one who has seen blackband ironstone 
calcined in the open air calcining heaps must 
have been struck by the enormous amount 
of combustible material that is being simply 
got rid of in that operation, and by reference 
to the analyses of this ore it will be evident 
that the carbonaceous portion which has 
hitherto been almost entirely wasted, may 
amount to as much as three-fourths of the 
fuel subsequently used in the blast furnace 
for reducing and melting the ore. Mr. Tur- 
ran* has estimated the possible saving to be 
effected by substituting kilns for open air 
calcination, as amounting in the case of 
Scotch blackband to as much as 10s. per ton 
of pig iron, and his experience at the Dow- 
lais Works of calcination in kilns as com- 
pared with open air calcination, is decidedly 
in favor of the former plan, for even after 
allowing for the interest of outlay for kilns, 
the cost of labor and fuel is much less with 
open air heaps. 





* The Iron Manufacture of Great Britain, p. 15. 
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Such a mode of effecting economy of fuel 
in a business where the gross quantity of 
fuel consumed is so enormous should receive 
the earnest attention of those concerned, and 
there is probably no case in which such 
economy and reduction of working expenses 
is more necessary than in iron smelting. We 
therefore hope Mr. Aitkin’s plan of calcina- 
tion may be taken up by ironmasters active- 
ly, and that we may soon be in a position to 
report its extensive adoption. 


REVOLVING SODA FURNACE. 
Translated from ‘* Annales du Génie Civil.”? 


M. Lamy, professor of Chemistry at the 
Central School of Arts and Manufactures, 
made, at a recent session, a communication 
on the subject of ‘‘revolving furnaces,” as 
used in England for the manufacture of soda. 
The material so designated is the carbonate 
of soda, which, according to its various 
forms, is called ‘ crude soda,” “sal soda,”’ 
or “ecrystalized soda.” It is an article of 
prime necessity, being indispensable in the 
manufacture of glass, soda, bleaching ma- 
terial, and in numberless other arts. Its 
production is an important branch of French 
industry. An important accessory result 
is the increase in the manufacture of 
sulphuric acid, which is largely used in the 
process. 

The production of artificial soda, by the 
way, is altogether an art of French origin, 
being invented by Leblanc, whose name and 
deeds are too little remembered in France. 
It is remarkable that the process employed, 
the apparatus, and even the proportions of 
the mixture, are the same as those used by 
the inventor, notwithstanding all the research 
which has been made during three quarters of 
a century with the design of improving them. 

M. Lamy describes the manufacture by 
the use of sulphate of soda, chalk and char- 
coal, heated to a pasty fusion in a reverbera- 
tory furnace called a soda furnace. The 
reaction takes place at a high temperature 
by means of vigorous stirring, which requires 
the work of skilled laborers, strong and in- 
telligent, and receiving therefore, liberal 
wages. Crude soda is thus produced, from 
which, by lixiviation and erystalization, is 
extracted the 30 to 35 per cent. of carbonate 
contained. 

The French manufactories produce an- 
nually about 100,000 tons of the various 
salts of soda, and in England, where the 
production is largest, it amounts to 300,000 


‘cause accidents. 





tons. The high price of the requisite labor 
has led to a vigorous search for some sub- 
stitute for manual labor. Two systems have 
been proposed ; the first, that of Mr. Pattin- 
son, effects the mixture by means of iron 
agitators attached to a spindle, fixed in 
the center of the furnace, and receiving its 
motion from a steam engine. This system 
was speedily abandoned. A more success- 
ful attempt is the revolving furnace of 
Messrs. Elliot & Russell, perfected by 
Messrs. Stevenson & Williams, at the chemi- 
cal works at South Shields near Neweastle. 
It consists of a large cast iron cylinder about 
5 meters long (horizontally) and 3 meters 
diameter, lined in the interior with refrac- 
tory bricks. Its interior space is not cylin- 
drical, but is enlarged in the middle, in or- 
der to keep the materials in the center— 
shaped in fact like a cask. It has also, in 
the interior, two longitudinal ribs, situated 
diametrically opposite each other, in order 
to effect more thoroughly the mixture during 
the revolution. The cylinder rests upon 
four friction wheels, which are supported 
upon a massive frame. On the exterior cir- 
cumference are teeth, gearing with a pinion 
driven by the engine at any desirable speed. 
The charging hole is in the middle of the 
circumference, and closed by a cast iron gate. 
The openings at the ends serve, one for the 
introduction of fire from an adjoining furnace, 
the other, for the escape of the products of 
combustion, which are carried off into vari- 
ous accessories, and utilized in the solutions, 
evaporation and lixiviation. The communi- 
cation of fire to the cylinder is made by 
means of a movable flue, held by a chain, 
and lined with fire brick, without which, 
small and unforeseen derangements might 
A great amount of fire is 
indispensable to a sufficiently energetic action 
throughout the whole of the furnace. To 
‘“‘cook’’ a charge of soda, the cylinder is raised 
to a red heat, and turned into such a posi- 
tion that the charging hole corresponds to a 
chute, in towhich the barrows dump the 
materials for the charge, which consists of 
1,300 kilog, of carbonate of lime, 500 kilog 
of coal, broken up quite small. The cylin- 
der is then given ten revolutions per hour, 
or a turn in six minutes. After an hour and 
a quarter the lime is calcined, and there is 
then added to the charge 1,160 kilog of sul- 
phate of soda, with 180 kilog of coal, and 
the cylinder is revolved at the same rate 
half an hour longer. At the end of that 
time the reaction commences with the fusion 
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of the materials, and the velocity is increased 
to two turns per minute. The operation 
terminates in about half an hour at this rate 
of rotation. The cylinder is stopped with 
the charging hole at the lowest point, and 
the semi-fluid soda is drawn off into vessels 
moving upon tram-ways underneath. 

This operation lasts two hours and a 
quarter, and admits of six heats and a total 
production of 18,000 kilog of crude soda in 
24 hours, which is three times the product 
of an ordinary good English furnace. The 
heat is distributed in the most uniform man- 
ner, the sulphate is more perfectly decom- 
posed, the operation more completely pro- 
tected from the access of air, the manual 
labor greatly diminished, and the consump- 
tion of coal reduced in the ratio of 362 
kilog to 544 or about one third. It was 
found at the outset that the plant was very 
expensive and subject to frequent disarrange- 
ment. Lately, however, the patents have 
expired, and the details of the furnace have 
been perfected so that it works with all de- 
sirable regularity, and costs, in England, not 
more than 35,000 franes. Mr. Stevenson 
has mounted four of these furnaces in his 
establishments, and a dozen others are work- 
ing elsewhere in England—notably at Wid- 
ness and St. Helens. They are built by Mr. 
Robert Daglish at the St. Helens foundry in 
Lancashire. 


PULLEYS WITH LEATHER COVERING. 
Translated from ‘‘ Polyt Centralblatt.’? 

The sliding or slipping of belts on the 

pulleys is an evil experienced by almost 

every one whose business depends on ma- 


chine power. Various means have been 
devised to avoid it. One of them is to 
strew powdered rosin or pitch on the inside 
of the belt. Another is to cover the pulleys 
with wood. A third is to give the rim of 
the pulley a curved surface. These means 
are only palliatives, and lack a thorough, 
steady and continued action. Rosin and 
pitch are soon pressed into the leather, when 
they not only lose their efficacy, but con- 
tribute to the rotting and destruction of the 
belts. A wood covering on the pulley gets 
polished in a short time and is then as slip- 
pery as iron. Itis therefore necessary to 
frequently roughen its surface, by which op- 
eration the diameter of the pulley is dimin- 
ished and the proportions of the transmission 
are altered. A convexity of the rim of the 
pulley is very effective to prevent the drop- 





ping off of the belt, especially when the 
pulley has a horizontal position; but it 
counteracts the slipping of the belt to but 
a small extent. 

We therefor take pleasure in communica- 
ting to the public a mechanical contrivance, 
which completely prevents the sliding of 
belts and all the great disadvantages result- 
ing from it. It consists in covering with 
leather the working-surface of the pulleys. 
As the friction of leather on leather is equal 
to five times that of leather on iron, and as 
leather can be roughened and be easily kept 
in that condition, it is evident that a sliding 
of the belts cannot take place on pulleys 
covered with leather, not even then when 
the belts have to transmit the very highest 
amount of power. We have seen such 
pulleys working in sugar factories, breweries, 
in manufactories of German silver, in paper 
mills, machine shops, sawing mills and in 
many other mechanical establishments, in 
all of which they have proved of eminent 
usefulness and great practical value. With 
pulleys which have to run with a great velo- 
city, as, for instance those that have to 
drive blowers and saw-frames, as well as 
with pulleys of small diameter, which have 
to transmit powerful strains, the advantages 
of a leather covering are especially great. 
But besides these evident advantages that 
result from the avoidance of the slipping, a 
leather-covering on the pulley preserves the 
belt ; in the first place because the belt does 
not require tightening so hard, the friction 
being considerably increased; and in the 
second place because there is no occasion 
for a rapid rotting of the belt. For this 
rapid rotting is generally caused by the fact, 
that under the influence of the heat produced 
by friction the tannic and sebacic acids con- 
tained in the leather of the belts, combine 
chemically with some of the iron of the 
pulleys, forming a hard compound in the 
belts, which produces what is called rotten- 
ness and frequently causes breakages. This 
evil is of course avoided by covering the 
pulleys with leather. These covered pulleys 
are manufactured by Mr. S. Freund, Jr., 
8 Neuenburger Strasse, Berlin, (Prussia). 
The coverings are fixed to the pulleys by a 
kind of paste or glue, which hardens in a 
very short time and sticks so well to iron 
and leather, that the greatest forces can be 
transmitted by the pulleys without loosening 
the leather. The operation of covering is 
very simple and can be done and renewed by 
every intelligent workman. The mentioned 
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factory is prepared to send coverings and 
glue abroad, together with full and explicit 
directions showing the way to put them on. 
The price is 1? Prussian thalers per square 
foot of leather, including the glue. (Berg- 
geist.) 8. 


MERCHANT MARINE. 


ADVANTAGES OF IRON SAILING VESSELS. 
Translated from the ‘*Revue Maritime et Coloniale.”’ 


It seems tolerably certain that iron sail- 
ing vessels are to play an important part in 
the future of the merchant marine. They 
are more substantial, more durable, and of 
greater carrying capacity, than wooden ves- 
sels of the same displacement. They attain 
also as great speed, or even greater, for they 
may be constructed of greater length, and 
their capacity increased, while maintaining 
the same spread of canvass, and consequent- 
ly the same equipage. The length may be 
six times the beam, in an iron vessel, with- 
out interfering with facility of manceuver- 
ing. The damages to a metallic hull may be 
repaired, at least provisionally, in almost any 
part without interfering with its service: 
ability, or capacity of continuing its voyage. 
At sea, iron ships behave as well as wooden 
ones, and resist better the stress of storms. 

For East India navigation, iron hulls are 
free from all fears of rot, which at the end 
of six or seven years, and sometimes earlier, 
attacks wooden vessels engaged in carrying 
fermentable cargoes, such as rice, sesame, 
etc. Moreover, French vessels which fre- 
quent Indian seas, being generally of small 
or moderate tonnage, often find it advanta- 
geous to obtain local employment there, 
when a return to Europe holds out no hope 
of profit. But it often happens that wooden 
vessels cannot avail themselves of these 
opportunties, either through fear of having 
to go into dock in a foreign country, or to 
make repairs at some far-off port, which are 
enormously expensive. With iron vessels 
these inconveniences are avoided. 

At Calcutta there are always about forty 
or fifty iron vessels, of about 50,000 tons 
altogether, which always obtain preference 
to wooden vessels, and generally at a higher 
price. It is well understood by shippers 
at that port, that iron vessels generally 
deliver their cargoes in a more satisfactory 
condition than wooden ones. Masts and 
lower yards of iron and iron top-sail yards 
have also great advantages, both in respect 





of durability and staunchness. Some Eng- 
lish vessels have also the top-masts and 
standing jib-booms of iron, Iron wire rig- 
ging is generally adopted in vessels making 
long voyages. A suitable application of 
paint to protect the bottom is indispensable 
for the preservation of plates and rivets. 
Great care is necessary in taking such a 
vessel into dock, since it will not take paint 
properly until it has been scraped, scoured, 
washed, and perfectly dried. After a pas- 
sage of one hundred days from Cardiff 
to Calcutta, the writer’s vessel had not 
diminished her speed at the end of the 
voyage. 

It is desirable that the French Veritas 
adopt for iron vessels the system of classi- 
fication of the English Lloyds. 


pel TREATMENT OF THE REFUSE 
oF TOWNS AND THE UTILIZATION OF 
Sewace.—Mr. Menzies lately read a paper 
on this subject before the Institute of Sur- 
veyors. The paper, besides dealing general- 
ly with the subject, was devoted to an ex- 
position of the ‘* separate system ”’ of drain- 
age of which Mr. Menzies is the originator. 
That system is, that the rainfall shall in all 
cases, as a principle, be entirely separated 
from the sewage ; the rainfall being convey- 
ed to the nearest outlet, and the sewage to 
the most appropriate land for utilization. 
The advantages claimed for the idea are 
many. The first anticipated is, that there 
will be no gullies or openings into the streets 
communicating with the foul drains by which 
effluvium can rise into the streets or court- 
yards ; the second, that men will not require 
to enter into the drains to clean out the sand 
and grit from the roads; the third, that 
no over-flows of foul or sewage matter will 
be necessary ; and the fourth and most im- 
portant, that the treatment at the outlet by 
irrigation will be uniform, economical, and 
practically perfect. The fifth advantage is, 
that perfect and continuous removal of all 
sewage may be secured by a complete sys- 
tem of flushing, under command at all times 
and at all seasons ; and it is worth observing 
that the greatest flushing will be necessary, or 
rather desirable, in the town in dry weather, 
just when the fields outside will take it best. 
The sixth advantage is, that when pumping is 
necessary, as it is in such a vast number of 
cases, the economy will be very great. The 
idea was first brought before the publie by 
Mr. Menzies in 1865. 
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THE BESSEMER FLAME. 


From a paper read before the Philosphical Society of 
Glasgow, by Thomas Rowan, F.C.S., F.R.S.58.A., 
Atlas Works, Glasgow. 

The Bessemer process for the manufacture 
of steel is now among the most important of 
our metallurgical operations, the chemical 
changes being as interesting as the mechani- 
cal appliances designed for the working 
of the process are ingenious. On account 
of its comparatively recent introduction 
among established industries, it affords an 
ample field for scientific investigation; and 
there is no feature of the process at once so 
interesting and important as that of the flame 
which issues from the ‘‘converting vessel.” 

The success of a “blow” undoubtedly 
depends on the accuracy and completeness of 
many details, but, of them all, the most im- 
portant is to know and catch that moment in 
the existence of the flame, when the carbon 
in the iron has yielded its last trace to the 
oxygen of the air. 

If acharge is “‘ overblown,” that is if it be 
subjected to the action of the air for too 
long a period, or if it be ‘under-blown,”’ 
that is if the admission of air is stopped be- 
fore the proper chemical action has been com- 
pleted, the steel will be found to be defective 
in proportion to its unskilful treatment. 

The flame issuing from the converter is the 
index of these changes which the molten 
mass of metal is undergoing during the pro- 
cess ; but the exact moment of decarburisa- 
tion is often, from a variety of causes, dif- 
ficult to determine. 

It is for these reasans that the examina- 
tion of the flame forms the point of attrac- 
tion of the process, and I have thought it 
might not be uninteresting to describe the 
general appearance which this flame presents 
to the eye, and some experiments which my 
brother has made with the spectroscope, and 
with colored glasses, for the purpose of more 
readily determining that critical period or 
‘‘ change ’’ in the flame which I have spoken 
of. The success of these latter experiments 
has enabled him to attain the object for 
which they were commenced, and he has de- 
signed an instrument, which I shall describe 
hereafter, by which the “change” in the 
flame is more easily determined. 


1. THE GENERAL APPEARANCE OF THE 
FLAME TO THE EYE. 

When the vessel is first turned up a shower 

of brilliant sparks is ejected owing to the 

force of the blast reaching first a thin layer 





of metal as the vessel slowly swings round to 
the vertical position. 

From 0° to 3 or 4 minutes. 

When the full head of metal is over the 
blast, at first for three or four minutes, there 
is searcely any flame, only a current of very 
hot gases and very numerous sparks. 

From 3 or 4 to 5 or 6 minutes. 

Gradually a small pointed flame appears 
in the centre of the sparks, and this quickly 
increases in size without gaining much bril- 
liancy for two or three minutes. 

From 5 or 6 to 9 or 10 minutes. 

During the next period of 4 or 5 minutes 
the flame is very unsteady, both in size and 
in position, and its oscillations are accom- 
panied by hollow sounds as of reports or 
explosions in the interior of the converter. 

From 9 or 10 to 11 or 12 minutes. 

Streaks or flashes of brighter flame now 
shoot up through this comparatively non- 
luminous flame, and within 1 or 2 minutes 
give place to a continuous stream of dense 
and brilliant fire which rushes far up the 
chimney and illuminates the entire building, 
often casting the shadows of the cranes, etc., 
against the windows through which the sun 
is shining. 

From 11 or 12 to 15 or 16 minutes. 

This flame gradually becomes thinner and 
more transparent without losing any of its 
brilliancy during the 6 or 7 minutes of the 
“blow,” which generally remains, until it 
suddenly (preceded, however, by a few hollow 
and peculiar sounds from the interior of the 
vessel), loses its brilliancy and much of its 
size, and drops down within about half a 
minute to about the size it had reached at 
about 5 minutes of the blow, this flame, 
however, being both more dense and more 
luminous than the flame at that earlier 
period. 

Any of the stages described may, from a 
variety of causes, be prolonged ; or an in- 
sufficiency of blast, howsoever caused, may 
lengthen the entire period of the “ blow” 
for several minutes, but the above is a fair 
average ‘‘ blow ” with the best English hema- 
tite pig iron. If inferior irons are used the 
flame at the change is more or less envelop- 
ed in a dense white smoke, and the change 
is accompanied by violent pulsations or 
‘coughing ”’ of the entire flame, which, un- 
der these circumstances, has often a yellow- 
ish red color to the eye, all this making the 
change often very difficult, if not impossible, 
to detect. 

Nervousness or biliousness, by variously 
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affecting the sight of the observer, may also 
render him unable, with certainty, to deter- 
mine the precise moment when he ought to 
‘turn down,” and there is a marked differ- 
ence in the facility of observation noticeable 
between a blow taking place in daylight and 
one at night. 


2. THE APPEARANCE OF THE FLAME, 


It was important, first, to note if any of 
the lines belonging to the Bessemer fiame 
were to be found in the flame given off from 
the coke fire used to heat up the “‘ converter.” 
Several examinations were made; the result 
of these was that, besides the invariable 
yellow bright line, the red line and the two 
bright green lines next the yellow were oc- 
casionally to be seen. Owing, however, to 
the want of brilliancy of this flame, the 
spectrum which it gave was very faint, and 
at times almost invisible. 

On first turning up the vessel, and for 
about four minutes thereafter, the spectro- 
scope showed only a continuous band of 
light, with the colors rather hazy, and so 
much blended with one another as to make 
it impossible to mark the junction of the 
different fields. 

In from four to six minutes flashes of the 


yellow line became visible (corresponding to 
the appearance of tongues of a bright flame 
shooting up in the centre of the dull red one 
issuing from the mouth of the ‘‘ converter ”’), 
and in one or two minutes after its first ap- 
pearance, this line became quite steady, and 
did not disappear even at the end of the 


“blow.’’ Simultaneous with the steadying 
of the yellow line, the red, yellow, and green 
fields became clear and well-defined bands of 
bright color. 

In half to a minute later a bright green 
line appeared near the yellow, following 
which, in searcely ever more than half a 
minute, a red line appeared equidistant from 
the yellow (of course on the opposite side). 
These two generally became steady together 
(having first appeared in intermittent flashes) 
in about half a minute after both were visi- 
ble. With the steadying of these two lines, 
at once a second green line (bright and 
about the centre of the green field) became 
visible, wavering a little at first. About a 
quarter of a minute served generally to 
steady it, although sometimes it was a minute 
and a half from the appearance of the first 
green line till the second green line with the 
red became steady. In one to two minutes 
a third green line nearer the blue field came 





into view, and in about one minute was 
steady. 

When the red appeared with the first green 
line, the second and third green lines gen- 
erally appeared together, but when the red 
appeared with the second green line, the 
third green was accompanied by a blue bright 
line near the green field. In about ten 
minutes after turning up the converter the 
flame attained its maximum size and intensity 
of light ; when a second and third bright 
line became visible in the blue field; very 
often these were only intermittent and very 
faint, but with “hot metal” and a bright 
flame they were pretty steady and distinct 
and were broader than those in the yellow, 
green, and red fields. 

Occasionally, for about two or three 
minutes before the close of the blow, a bright 
line was seen in the purple field, pretty far 
to the right of the spectrum. Sometimes 
this only flashed brightly, but on a few oc- 
casions it was clearly seen, though faint. 

With a very bright flame several dark 
lines were seen, but for want of definiteness 
it was impossible to say whether they were 
not due to the contrast afforded by the bril- 
liancy of the bright ones besides which they 
appear. A narrow, dark line was seen on 
each side of the red line, and a broad, dark 
band dividing the yellow from the green ; 
then one between each green line, and two 
in the blue field between the three blue lines. 
But these were only seen with an exception- 
ally bright flame, and therefore are not of 
much importance. 

All the bright lines visible remained steady 
for several minutes before the close of the 
blow, affording an excellent opportunity for 
their examination ; but at the last all, with 
the exception of the yellow, faded in less 
than thirty seconds. The purple line dis- 
appeared first, whenever it happened to be 
visible, then the three blue lines in the in- 
verted order of their appearance, then the 
third green, after which the second, then the 
red, and last of all the first green, when the 
blast was shut off. 

The green and the red lines, from their 
distinctness, afforded the best point for a 
determination of the process; and these 
were so constant that a sure indication could 
always be given by any of them, if it were 
made the index by which to determine the 
period of blowing. 

Very often, on adding the charge of spie- 
geleisen, a large and very brillant flame 
rushed out of the “converter” for some 
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minutes ; and on examining it the red, yellow, 
three green, and a very brillant purple line 
were seen, but no blue line. 


3. SOME EXPERIMENTS WITH COLORED 
GLASSES ON THE FLAME. 


I shall now proceed to describe some ex- 
periments made with colored glasses on the 
Bessemer flame. I may mention that what 
led to them was my brother being compelled 
to get very dark spectacles to protect his 
eyes, which were not very strong, from the 
intensity of the light of the flame. The 
first pair made completely overcame the 
brilliancy of the flame without imparting any 
color to it; but on ordering a second pair 
they showed so much color as to render them 
useless. On appealing to the workman who 
had made them, he found that no note had 
been kept of the kinds of glasses which had 
been used in the first pair; and although 
several attempts were made to repeat them, 
the second pair sent was the best he could 
accomplish, and they had appeared colorless 
to sun light. The thought then occurred 
that as the brilliancy of the flame varies 
considerably during its existence, a variation 
in the amount of transmitted light might be 
found to affect in a proportionate degree the 
power of some colored glasses to absorb 
colors in combination with them, and that a 
combination of colors might be found to give, 
with a small quantity of transmitted light, a 
distinct color which could be quite absorbed 
when a large quantity of light was passed 
through the same glasses. 

Another, and perhaps the most important, 
consideration which led to the following ex- 
periments was, that the flame itself has a 
varying chemical composition as the silicon, 
manganese, carbon, and iron becomes succes- 
sively attacked, and that the temperature of 
the flame at these various stages must neces- 
sarily be altered, giving rise of course to vari- 
ous colors or shades of color in the flame. 
If therefore a combination of colored glasses 
could be found which would absorb the color 
due to the flame at a particular temperature, 
it seemed clear that a change of temperature 
would become immediately visible on account 
of an accession or diminution of color to the 
flame as thus observed. 

It is probable, too, that some of the color 
possessed by the flame at its different stages 
is due to the various elements which are at 
these periods being volatilised, but the spec- 
troscope does not throw much light on this 
supposition. 


The first combination of colored glasses 
which I have noted are a ruby and emerald. 
It was found that these colors mentally des- 
troyed each other. 


The Bessemer flame when viewed through 
them appeared white, and without brilliancy. 

Ultramarine blue, dark yellow. This 
combination gave the same effect as above. 

With a combination consisting of ultra- 
marine blue, dark yellow, ultramarine blue, 
and emerald, the flame appeared of an emerald 
color, but was dark and without brilliancy. 

In the next experiments the dark yellow 
and one blue were replaced by a light yel- 
low and neutral tint thus; Ultramarine blue, 
light yellow, nentral tint, emerald. The ap- 
pearance of the flame in this case was similar 
in color to that afforded by the above com- 
bination, but appeared of considerable bright- 
ness. 

In the next experiments the light yellow 
and neutral tint were replaced by a dark 
yellow and red respectively, thus: Ultra- 
marine blue, dark yellow, ruby, emerald. 
The flame at first was dimly seen, and with- 
out color. When it reached its maximum 
brilliancy it still appeared white through 
this combination. 

With these five combinations the appear- 
ance of the sun as seen through each of them 
was similar in character to that of the flame, 
but more powerful in degree. 

In the subsequent experiments the com- 
bination was as follows: Ultramarine blue, 
dark yellow, neutral tint, ultramarine blue. 
The flame appeared at first of a ruby red 
color, increasing in size and intensity as the 
‘‘blow”’ progressed, the edges of the flame 





acquiring a lighter shade of red; but the 
‘color was too strong to admit of the changes 
being easily determined. Sunlight, through 
this combination, was slightly yellow. 

In the succeeding experiments one of the 
blue glasses was replaced by a light yellow, 
giving'a combination of ultramarine blue, 
dark yellow, neutral tint, and light yellow. 
The flame appeared at first of a yellowish 
red color. As the “ blow progressed this 
color became whiter with flashes of redder 
flame occasionally through it. At the flame’s 
maximum brilliancy the edges assumed a 
light red color (nearly white), while at the 
root and center of the flame the color was of 
a darker yellowish red. When the flame 
dropped (at the end of the “blow ”’) it re- 
turned to a yellowish red color, somewhat 
similar in appearance to the effect produced 
at the beginning of the blow. 
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Sunlight appeared slightly yellow. It 
will be observed that this combination gave 
nearly the desired effect, viz, a variation 
of depth of color due to the differences of 
temperature or brilliancy of the flame at its 
different stages of progression. 

The yellowish tint, however, always pres- 
ent, showed a defect in this combination, to 
overcome which, further trials were made. 
Among other devices the light yellow was 
omitted, and the flame was observed with 
ultramarine blue, dark yellow, neutral tint. 
The flame appeared still red, and with the 
yellowish tint, though in such small degree 
as to show that the desired result was not 
far off. 

Sunlight appeared dim and slightly yellow. 

In the concluding experiments the neutral 
tint was replaced by a blue glass, with the 
object of ascertaining whether the yellow 
color could be arrested by the omission of 
the red or the blue component of the neutral 
tint, thus: Ultramarine blue, dark yellow, 
ultramarine blue. The combination was 
perfectly successful, the lingering trace of 
yellow being removed. 

I shall now describe more fully the general 
appearance of the flame through it. 

For the first four or five minutes all is 
dark, the chimney is invisible ; nothing but 
the mouth of the converter can be made out, 
which appears slightly red, the sparks com- 
ing from it being scarcely visible. As the 
blow progress the red color increases in size 
and luminosity, while the outline of the ves- 
sel becomes visible. 

In about twelve to fifteen minutes the 
flame begins to lose its color, becoming vio- 
lently agitated, flashes of a lighter and 
brighter flame shooting up occasionally. 

In about fifteen minutes a purple tint be- 
comes visible round the mouth of the vessel, 
the flame gradually acquiring a white color 
towards the edges. 

When the flame has reached its maximum 
brilliancy, it appears bright and nearly white, 
with the edges purple. The red color there- 
after begins to re-appear at the mouth of the 
vessel and centre of white flame, gradually 
extending until the whole flame appears of a 
light red color, and with the peculiar hollow 
sound heard in the vessel always preceding 
the drop. 

The centre of the flame begins to acquire 
a deeper color; this quickly extends and 
deepens. Within a minute or so of the drop, 
the whole flame becomes crimson, and losing 
its brilliancy, and within half a minute it 
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suddenly goes back to very nearly the red 
color it had at starting. 

This combination of glasses is now in daily 
use in the Atlas Works, its indications being 
so marked and unmistakable as to render its 
use safe in the most inexperienced hands. 
This little instrument, or ‘ chromopyro- 
meter”’ as it is purposed to call it, is arranged 
as follows : 

One of the biue glasses and the dark yellow 
one are fixed in a rectangular frame, carry- 
ing at its foot a hinge, to which the thin 
frame holding the other blue glass is attach- 
ed, and at its top a spring catch to hold this 
smaller frame when in its shut position ; and 
also a pin and set screw for attaching the 
whole instrument to the hat of the observer, 
soas to place it before his eyes. 

The object of having the glasses thus 
divided is to give facility for the observation 
of the flame through the combination of 
three, while, during the pouring, two being 
sufficient, the third one is allowed to hang 
down, when it serves to protect the lips 
from the great heat of the ladle and liquid 
steel. 

In conclusion, I think it is probable that 
by carefully noting by means of colored 
glasses, such as that described, the amount 
of light (as determined by the shade of color 
visible) emitted by flames of known tempera- 
ture, a scale might be formed which would 
enable us approximately to measure the 
temperature, not only of the flame of the 
Bessemer converter, but also that of many 
flames which have hitherto been considered 
beyond the reach of our ordinary methods of 
measurement. 


THE MANUFACTURE OF SULPHURIC 
ACID 


HISTORICAL NOTICE. 
Translated from ** Le Génie Industriel.’ 


Thirty years ago the only available source 
of sulphur, for the manufacture of Sulphu- 
ric Acid, was the volcanic region, or sol fa- 
taras of Sicily. Our national industry was, 
therefore, in a measure, dependent upon the 
complaisance of foreign powers, and at the 
mercy of political and commercial vicissi- 
tudes. It was probably this state of affairs 
that prepared the way for the development 
;of some source of this precious mineral in 
| France. The same stimulus was felt in 
| other countries, and gave rise, no doubt, to 


| . oa 
, the strenuous effurts made to discover within 
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their own soil the means of release from this 
burdensome dependence. At length, after 
much research and experiment, the indus- 
tral world became indebted to a Frenchman, 
Michel Perret, for the first success in the 
new path ;—a name, unfortunately, too sel- 
dom remembered. The first success in ob- 
taining sulphur from pyrites, in the form of 
sulphurous acid, was attained at Lyons, near 
which city large deposits are found. This 
innovation gave to the manufacture of sul- 
phuric acid, and through it to the chemical 
arts generally, such an impulse that the con- 
sumption has increased tenfold within the 
last thirty years. 

Prior to 1833 there was a prevailing im- 
pression, derived from numerous unsuccess- 
ful experiments, that the sulphurous gases 
derived from the burning of pyrites, were 
unsuitable to the production of sulphuric 
acid. It was generally believed that pyrites 
would not burn without fuel, and it was 
therefore roasted with a mixture of coal. 
The distinguished chemist, Climent Désor- 
mes, had proceeded in this assumption, in 
using cupola furnaces, in which he was able 
to utilize only a small part of the gases so 
obtained. At that time M. Michel Perret 
proved that sulphurous acid gas, disengaged 
by the combustion of pyrites, was essentially 
well adapted for conversion into sulphu- 
ric acid. With this view he constructed in 
his father’s workshop some mufile furnaces, 
in which he burned the pyrites, without mix- 
ing the products of combustion with those 
of coal, the proportion of air necessary to 
carry on the condensation in the chambers 
being very carefully regulated. This sur- 
mounted the difficulty satisfactorily. The 
date of the first patent for fifteen years was 
February 2d, 1836, and it was taken out in 
the name of his father, who had encouraged 
him in his labor and studies. The young 
man, at that time but twenty years of age, 
showed himself on more than one occasion 
to be a profound thinker and fertile in new 
ideas. The success obtained by the applica- 
tion of this process, for several years, on a 
scale of some magnitude, led to further in- 
vestigation into means of economizing the 
combustion. The use of the old furnaces 
was revived, but without the use of coal. 
M. Baptiste Perret and M. Olivier, brother 
and brother-in-law of the inventor, united 
with him in the work of improving the pro- 
cess, which by their united efforts has reach- 
ed the stage in which it may now be seen in 
the factory of St. Fons, near Lyons—one 





of the principal establi-hments of the Per- 
ret firm. We may mention one of the im- 
provements due to M. Michel Perret, viz: 
the apparatus for utilizing those portions of 
the pyrites which are reduced in the crushing 
process to a state of fine division, constitu- 
ting a considerable portion of the whole, 
and which would otherwise be wasted. A 
small model of the furnace used, arranged so 
as to show a section through its axis, and 
giving a complete idea of its construction, 
is exhibited in the window of the Perret firm, 
and the use of the process is freely open to 
all who are engaged in this branch of indus- 
try. At a little distance from a layer of 
pyrites in lumps, burning in an ordinary box 
furnace, is placed a sole of large refiactory 
bricks, six centimeters in thickness, such as 
are used for spreading out plate glass. Im- 
agine now seven other similar soles, separat- 
ed by intervals of six centimeters, in a mass 
of masonry in which the openings are so dis- 
posed that the current of air, coming from 
the roasted lumps, will envelop in a very 
circuitous manner the surface of the pyrites 
in the form of powder or small pellets, 
spread out upon each sole. Each layer of 


pyrites, heated by the combustion of the 


preceding one, burns, either by the direct 
admission of air into the mass, or by a kind 
of cementation, requiring thirty-six hours for 
its completion, to such a stage, that not 
more than four or five per cent of sulphur 
remains uncombined. As might be expect- 
ed, the temperature increases as we approach 
the upper end of the series. Mr. Michel 
Perret thought that the number of soles 
might be increased beyond eight, and he 
therefore constructed a furnace in which the 
number was carried tosixteen. But as their 
superposition gave a great altitude to the 
furnace, he divided it into two series, paral- 
lel with each other, in such a manner that 
the gas from the eighth and upper sole was 
carried by a recurved flue over the surface 
of the lower layer in the second series. In 
this furnace the temperature steadily in- 
creases from the sole where the lumps are 
ignited to the uppermost layer, showing with 
what facility the air penetrates the mixture 
of powder and grains of pyrites, which is 
spread out to a depth of three centimeters in 
each layer. It would seem, in order that 
the air may circulate in the intended man- 
ner, that all possible means of access, ex- 
cepting those provided, should be rigidly 
closed. This can be readily managed, so 
far as the back part of the furnace is con- 
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cerned, the brick forming the sole being NOBEL'S BLASTING MATERIAI 


built into the masonry. This arrangement 
will not suffice, though, for the front, since] NEW EXPERIMENTS wirg “ DyNaMiTe.” 
the charging and discharging of the mineral | Reported by Max , Wotrsxkron. 
is made on that side through doors opening | Tra:slated from ‘Oey, Zeitschrift.” 
upon each sole. To obviate this difficulty{ Mr. Nobel’s nitro-glycrine, which produ- 
an interval is left between the front of the{ces such powerful and stounding effects, 
sole and the wall, which interval at the time |has on the other hand causq go many fatal 
of charging the lower sole is filled with accidents, that a certain aw of its danger- 
slack, held in place by a closed register. In,ous qualities has prevented . from coming 
charging the second svle the slack is let ;into general use. It is true, tere are coun- 
down and forms a ‘talus’? upon the level'tries, as for instance Bavari: where for 
below. The different levels are charged in|several years past nitro-glycerie has been 
this way, successively, from bottom to top. |used for blasting, without the oc yrrence of 
The furnace is charged once in thirty-six |any mishaps; and indeed such acGents can 
hours, and consumes 1,000 kilog. of fine py-;scarcely happen unless by neglec of the 
rites. As the charging cannot be done in |necessary precautions. But it is weknown 
an instant it permits the passage of an excess |that workmen when once familiar jth g 
of air, while it is going on, and possibly this | work that implies some danger, becomyery 
may explain the fact, denied by some, but eareless, and that this carelessness toy 
maintained by many, that this system of fur-|causes the most fearful accidents. Besigg 
nace requires an excess of nitrate for the | the nitro-glycerine,like all similar compoun, 
amount of sulphur burned. of nitrogen, is in itself liable to be decom 
Altogether these improvements, and the |posed, when the acids produced by this de- 
possession of extensive deposits of cuprifer-|composition affect and loosen the soldering 
ous pyrites at Chessy and Saint-Bel, have | of the metallic bottles which contain the fluid 
given a great development to the manufac- |nitro-glycerine, thus causing leakage and 
ture of MM. Perret. Their establishment |danger. It is also not impossible that un- 
at Chessy, Lyons, Vienna, Avignon and |der certain circumstances a spontaneous de- 
Marennes, furnish nearly 100,000 kilogram-|composition of the fluid may take place so 
mes of acid a day, beside the other products jrapidly as to produce an explosion. There- 
derived from them, such as soda, iron, cup-|fore, whenever it is observed that nitro-gly- 
per, alum, ammonical salts, hydrochloric |cerine is beginning to decompose, which is 
and nitric acids, soda, &c., &e. Such an|easily seen by the red vapors it then emits, 
impetus has been given to general industry, |the whole portion should be destroyed with- 
in consequence of the discoveries of the firm out delay. 
of Perret Brothers & Olivier, that eventheir| It is not astonishing that the importation 
enormous present production of acid is in-|and the transport of so dangerous a mate- 
sufficient, and fully twice the amount of py- rial should have been prohibited in several 
rites consumed by them has been delivered |countries, and also in Austria. But there 
to French and other consumers for manufac- was no well-founded reason to include in 
ture by this process. In renouncing the |this prohibition, as it has been done, another 
monopoly assured to them by the possession | matter, called dynamite, which does not pos- 
of their extensive ore beds, this firm have |sess the above-mentioned dangerous quali- 
entered upon a path of liberality which can-|ties. Dynamite consists of calcined mineral 
not fail to advance greatly the industrial in-|meal from the neighborhood of Liineburg 
terests of the whole nation, and have set an |(Prussia), impregnated with 75 per cent of 
example most worthy of imitation. nitro-glycerine, and mixed with another in- 
——-------— gredient, which prevents it from spontaneous 
—— PLOWING IN France.—At the|ignition. It hardens at 45° F., at which 
special trial of agricultural implements |temperature the nitro-glycerine contained in 
at Moulins, in April, the double engine |it, congeals. In this condition it cannot be 
tackle of Messrs. Aveling and Porter took {exploded by ordinary means. Charges con- 
the first prize, and the second prize was |gealed in the bore-holes must be exploded by 
awarded to M. Achille Farjas. The next|caps and cartridges having a higher tempera- 
trial takes place this month at Beauvais.|ature than 45° F. These cartridges, which 
The French are imitating the English in | also contain the caps, are small, and the work- 
these comprehensive and frequent tests. men can easily carry them in their pockets. 
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Dynamite has been manufactured at Ham- 
burg by Mr. Nobel, since 1866, and more 
recently also at Stockholm, in Sweden. In 
the latter country the dynamite is in general 
use in the mines and quarries. In Prussian 
Silesia 8,000 lb. of it are used every month. 
It is besides largely in use in the mines of 
Saarbruck, Westphalia, Nassau and Thurin- 
gia. Considerable quantities of it have been 
imported to England and Belgium, in 1868. 

A factory of dynamite was established in 
San Francisco in March, 1868, which fac- 
tory had already sold 100 lb. of it per day, 
up to July of the same year. It is used 
not only in the mines of California, but also in 
those of Mexico, and in the blasting opera- 
tions of the Pacific railroad. In California 
also, as in several European countries, acci- 
dents were feared from this new blasting 
material, and no company would at first un- 
dertake its transportation. But afterwards, 


when various experiments, made before an as- 
sembly of representatives of all the transport 
companies, had proved that these fears were 
groundless, the dynamite was accepted on all 
the railroads, steamers and stage-coaches. 
The following experiments, fur the same 
purpose, were made on the 22d of March at 


Hiitteldorf (Austria) in presence of a dele- 
gation of the Vienna Society of Engineers: 
A small barrel, filled with cartridges of dy- 
namite, was thrown down from a rock over 
100 ft. high and did not explode, though strik- 
ing the rock repeatedly. Two cartridges 
were fastened to the lower surface of a heavy 
block of stone, and the stone was dropped 
from a hight of over 20 ft. on a stone bottom. 
The cartridges were smashed and flattened 
down without exploding, and the dynamite 
was found in a totally unaltered condition. 

Several cartridges were taken out of the 
above-mentioned barrel; each cartridge was 
cut in two parts, the one of which was made 
to explode by the means of a quick-match 
and a cap; the other part was ignited, and 
burned off quietly, leaving a small heap of 
mineral meal. 

The contents of a cartridge was spread over 
a piece of sheet-iron and heated; the nitro- 
glycerine evaporated without explosion. 

A box of sheet-iron, filled with dynamite, 
was thrown into the fire without producing 
an explosion. The above-mentioned barrel, 
filled with cartridges was thrown into the 
fire, and burned down quietly. 

To show that the dynamite cannot be 
made to explode, except by a strong cap, it 
was tried to ignite a box of sheet-iron, filled 
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with dynamite, by a quick-match without a 

cap; but the dynamite would not take fire. 

These experiments having proved suffi- 
ciently that the dynamite is entirely void of 
danger, another series of experiments was 
made to show the powerful effects of this 
new blasting-material : 

A cartridge was laid on a plank of maple- 
wood, two inches thick, and was made to ex- 
plode. It struck the plank with great vehe- 
mence, making a large hole through it. 

As the strange prejudice exists that the dy- 
namite acts better downward than upward, 
the same experiment was repeated, the cart- 
ridge being this time attached to the lower 
surface of the plank. The effect was the same. 

A timber, four inches by five inches thick, 
rammed into the ground, was torn apart by 
the discharge of a half-pound cartridge. 

Half a pound of dynamite was made to 
explode on an iron plate a quarter of an 
inch thick. The plate became perforated 
and torn; a round piece was torn out of it 
and thrown to a considerable distance. 

But the immense power of the dynamite 
was proved most strikingly by the following 
experiment ; 

A 7 inch hole was bored through the whole 
length (13”) of a wrought-iron cylinder of 8 
inches diameter. ‘This bore-hole was filled 
with one-quarter of a pound of dynamite and 
discharged by a Markus battery. The ef- 
fect was astonishing to a high degree. The 
cylinder was torn in two pieces. Each piece 
had two cracks through its entire length, 
and many smaller ones. The bore was 
enlarged throughout, in one place to 1} 
inch. diameter. The molecular structure of 
the pieces was totally altered. 

The succeeding experiment consisted in 
bursting a piece of rock without any bore-hole. 

Finally, four bore-holes, 14 inches in di- 
ameter, and 3 ft., 24 ft., 2 ft., and 16 inches 
in depth, made into the solid rock, were dis- 
charged. without tamping. The first hole 
was loaded with 2 pounds, the second with 
10 ounces, the third with 8 ounces; the 
fourth, which was made in the vault of the 
rock, with only one ounce. The first and 
third were discharged simultaneously by the 
Markus battery; after that the second hole 
alone by the same battery, which also on 
this occasion proved its excellence. The 
fourth bore-hole was discharged by a gutta- 
percha quick-match. The effect of these 
discharges was satisfactory, though the rock 
was soft and loose and consequently unfa- 
vorable for such experiments. 8. 
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CONDENSATION IN STEAM ENGINES. 
By M. E. Cousté, Government Director of Manuf. 
Translated from ‘* Annales du Génie Civil.’ 


An important question has long troubled 
the wisdom of engineers in every country 
where steam navigation has received any 
development, viz, the use of steam at high 
pressures in marine engines. The greatest 
obstacle to its employment is the excessive 
incrustation of the boilers from the use of 
sea water. The English have essayed to 
solve the problem by the use of surface con- 
densers, which make it practicable to sup- 
ply the boilers with water, from which the 
incrustating matters have been eliminated. 
This contrivance rendered necessary an 
enormous area of condensing surface, re- 
sulting in practical difficulties similar to 
those which defeated the attempts of Watt, 
Hall, Cavé, Bourdon, Ericsson, and a host 
of other engineers. Latterly means have 
been found of giving to the surface con- 
denser a superficies of more than a square 
meter per horse power, which has given 
some good results. I am convinced, how- 

‘ever, and I shall attempt in this paper to 
prove that this solution, though constituting 
a sort of progress, is founded on a retro- 


grade principle ; that it realizes but a por-’ 


tion of the advantages which may be ob- 
tained, and that those advantages cannot be 
obtained completely, and with certainty, ex- 
cept by the use of the injecting condenser. 

I propose then— 

(1.) To analyze the phenomena of conden- 
sation, by laying down the general, physical 
and mathematical theory of the condenser, 
which will enable us to determine the loss of 
motor power caused by the condensation. 

(2.) To compare the two systems, viz, 
condensation by injection, and surface con- 
densation, and to show that the former is 
greatly superior to the latter. 

(3.) To determine in what respects the 
present injecting condenser is capable gf im- 
portant improvements. 

(4.) To prove that the surface condenser 
is subject to perturbations, which diminish, 
and may even counterbalance, the advan- 
tages of high pressure. 

I shall further show that the injecting 
condenser may be made applicable to high 
pressure marine engines, as well as to other 
steam motors, by an important modification, 
which I shall point out, in the functions of 
the condenser, and I shall describe the 
practical means of effecting its application. 





(1.) There are two kinds of condensers. 
In the first the steam is brought directly in 
contact with the cold condensing water, 
which mingles inseparably with the con- 
densed water. In the second the condens- 
ing water acts upon the steam through an 
intervening metal, which is a good conduc- 
tor of heat, and also serves the important 
purpose of keeping the condensing and con- 
densed waters separate. The former is call- 
ed the injecting condenser, and is the kind 
most frequently employed. The latter is 
called the surface or Hall condenser, and 
until quite recently had been employed only 
in certain special engines (ether, chloroform, 
aleobol engines), which are not yet out of 
the domain of experiment. 

(2.) I shall first proceed to determine a 
general formula expressing the resistance of 
the condenser. The act of condensation is 
not accomplished instantly, but requires a 
certain length of time. If L represent 
the stroke of the piston, x L will be that 
part traversed by the piston while the con- 
densation is in progress. Let 
T m be the motor power, or work developed 

by the steam at each stroke. 

T cz be the resistance of the injecting con- 
denser. 

T cs be the corresponding resistance of the 
surface condenser. 

Tc be the corresponding resistance of a 
condenser of either system (the gene- 
ral expression of resistance). 

T a be the resistance of the air pump. 

S be the area of piston of cylinder (in sq. 
centimeters). 

L be the stroke in meters. 

E be the part of the stroke during which 
the steam enters with a full pressure. 

P be the pressure (in kil. per sq. cent.) after 
expansion, and at the instant of open- 
ing communication with the condenser. 

H be the pressure before expansion. 

p be the normal pressure in the condenser ; 
i. e., the pressure which remains after 
the condensation is finished (in kilog. 
per sq. centimeter). 

n L be the fraction of the stroke during 
which the condensation is in progress. 

r be the ratio of the capacity v of the con- 
denser (including its connections) to 
the capacity V of the cylinder (in- 
cluding the volume occupied by the 
piston and the clearance spaces, thus, 

_ condenser 0 
~ eylinder ——sV" 
As soon as the communication is opened 
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between the cylinder and condenser, the 
pressure P, corresponding to the volume V, 


becomes At the same instant the 


- ae 
V+u° 
pressure p, which corresponds to the volume 
Me At that instant there- 


V+ 
fore the pressure in the condenser is 


PV+ pv . P+ pr 
V+” “1+r- 
of the stroke » L this pressure diminishes 
(at a rate corresponding to the condensa- 
tion), passing from Fier 
ing the part (1-7) L it remains equal to p. 
Let us represent the successive values of 
this pressure by the ordinates to a curve. 


Let z’=Od=L,2'=0 y 
a=nL, aa'=(1-2) L “| 
bes "ool I 

The portion BC of | ' 
the line will be straight and parallel to the 
axis of x; the portion AB will be curved 
and tangent to B C at the point B. 

T c will be represented by the surface S 
of the piston multiplied by the area A O a’ 
C. The area of DOa C=Lp. To ex- 
press the other part of the area, we must 
know the curve A B. In this particular 
case we may determine it approximately by 
the Watt indicator, and in this general an- 
alysis we shall replace it by an approxima- 
tion sufficiently accurate, if we use the arc 
of a parabola, having its vertex at B, pass- 
ing through A, and having its axis parallel 
to the axis of y. This are will in general 
differ immaterially from the true curve. 
Hence the part A D B of the total area will 

_1(P+pr 
be } ADXBD =} Cet ) n Ls 
= ra The total area is then } 


L (>? n-+8>), and the work of the con- 


denser is Tc=}S L (<2 n-+3p) . (1) 


This expresses the resisting work of the 
condenser, so far as relates to the counter- 
pressure alone; and if we simply add the 
deduction due to the work T a of the air 
pump, we shall obtain the whole resistance 
of the apparatus. The formula (1) is ap- 
plicable to both kinds of condensers, and we 
shall transform the expression further on, so 
as to introduce the peculiar elements of both. 

(3.) First, however, it is necessary to 


v, becomes 


During the part 


to p; and dur- 














n. 





consider the values, both arbitrary and ne- 
cessary, which the quantities designated 
above may take. 

Taisa quantity nearly constant, as ap- 
plied to a given engine, varying very slight- 
ly with the quantity of water to be drawn, 
with the slight counter-pressure of the con- 
denser, and the slight variations of atmos- 
pheric pressure. But when the building of 
an engine is contemplated, it is a matter 
of no small moment to design it so as to 
employ the minimum of water, whether the 
object be to economize it on account of its 
small supply, or to diminish the effeet of 
T a, which depends for its value chiefly upon 
the area of the pumping piston. 

(4.) The value of P will depend upon the 
initial pressure H of the steam when it en- 
ters the cylinder, and upon the rate of ex- 
pansion allowed. It is an advantage to 
give this expansion its greatest practicable 
amount. L and S being constant in a given 
engine, the expansion will be limited by the 
amount of useful effect which can be pro- 
duced ina given time; and as this latter 
quantity can be made to vary, its variation 
should be regulated entirely by the cut-off,” 
which may work automatically er at control 
of the engineer. But we are of the opinion 
that, other things being equal, the range of 
expansion will be extended in proportion as 
the pressure is increased, and hence the ad- 
vantage (which is considerable) of employ- 
ing steam at high pressures. 

(5.) The pressure in the condenser passes, 
as we have said, through different values 
during the stroke of the piston. For a 
given value of P, and for a single quantity 
of water introduced, the condensation will 
be effected in a time equal to, or less, or 
greater, than the duration of the stroke of 
the piston. In the first instance the pres- 
sure in the condenser will reach the normal 
value p before the end of the stroke ; in the 
second p will be reached just at the conclu- 
sion.of the stroke; in the third case the 
value of p must be increased to p’, in order 
that the normal pressure may be reached 
during the time of the stroke. We must 
therefore give to p just the value which the 
normal pressure has at the instant the stroke 
is completed. It will be observed that p is 
the sum of two pressures—the one f due to 
the steam (watery vapor) which remains 
normally in the condenser, the other f due 
to the gases given off by the condensing and 
feed water, and to the air which may find 
access by leakage. In aa apparatus proper- 
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ly managed and cared for, and built upon volume of gas introduced into the condenser 


correct principles, there ought not to be any | 


leakage. The gases given off by the feed 
waters of the boilers are insignificant in 
well managed engines, because that water is 
drawn from the condenser itself, and has 
already been freed from the greater part of 
its gases. We may then proceed to deter- 
mine f and f’. 

In a particular case we might determine 
f by means of a table of the elastic forces 
of vapors, and according to the normal tem- 
perature of the condenser. But we must 
note that this temperature is really higher 
than that of the water taken from it, be- 
cause the contact of the condensing water 
and the steam is of short duration, and only 
partial—the water not being generally in a 
sufficiently divided state to establish a ther- 
mal equilibrium in so short a time. In or- 
der to determine it the thermometer should 
be placed in a part of the condenser opposite 
the entrance of the steam, and protected 
from the injected stream. The quantity f 
being thus obtained, we shall have f’ by de- 
ducting p—f; and the value of p will be 
given by the manometer of the condenser. 

(6.) But it will be advisable to introduce 
into eq. (1) the value of p as a function of 
the normal temperature of condensation, 0 
of the temperature, ¢ of the cold water, and 
of the volume g of the water resulting from 
the condensed steam at each stroke of the 
piston. 

We shall then have (according to South- 
ern )— 

6,13 
f= +(* se ys 0.0034542 
46,278 
45.36 


A 
B 
C 


Also let ; 

6= the temperature of the condenser cor- 
responding to the elastic force of the 
steam f. 

t =the temperature of the injected cold 
water. 

1 _ § the proportion (in volume) of gas 

nn which that water contained. 

Q= the volume of cold water theoretically 
necessary for injection at each stroke 
of the piston. 

q= the volume of water resulting from the 
condensation of the steam at each 


stroke. 
Then, Q =q het 


But in the injecting condenser this quan- 
tity Q should be doubled in practice. The 





at each stroke of the piston is then (at the 

pressure of 1 atmosphere) 

m m° O0-t” 

at the temperature ¢, and at the temperature 

6 io cares Gee 
of the condenser is = Fat 7H 

The pressure of this gas is that of the at- 
under the volume given above, and becomes, 
under the volume v of the condenser, 

m v 274+’ 
B+ 06\*" | 2.06 
I we Lan 
Hence, p A +( G ) + = 
650-0 274+6 (2) 

(7.) The quantity x varies in consequence 
of some circumstances which it is well for 

The escape of the steam from the cylin- 
der to the condenser, though very rapid on 
sures, is by no means instantaneous. The 
connections are always ample, of course, but 
of the valve movement, partially obstructed. 
This becomes apparent on the diagrams by 
ton changes its motion, and by the rapid 
fall of the pressure just before the instant 
densers this partial cause of retarded con- 
densation may be neglected, especially if 
It must not, however, be neglected in sur- 
face condensers, because the condensing 
diameter, among which the steam circulates 
with some difficulty, especially when it en- 
permanent gases. 

Secondly, the cold water is introduced in 
ing @ certain amount of surface of direct 
contact to the steam. Water being a poor 
place almost at the instant of contact of the 
steam with the water of the jets, and that 
walls of the chamber also taking part in the 
operation. But all these surfaces are heat- 
ing power correspondingly reduced ; and as 
they are only partially cooled again by suc- 


2Q 29 650 - 6 

2q¢ 650-0 274+0 

mosphere, 1.03 kilog. per square centimeter 
fi= 2.06 qg 850-0 27446 
~@-t * 27448 ° 

us to examine. 
account of the difference of the two pres- 
the opening of the ports is, during a portion 
a rounding off of the angles where the pis- 
of cut-off. But in well built injecting con- 
the velocity of the piston be not excessive. 
surfaces usually consist of tubes of small 
counters a certain amount of air and other 
the form of jets more or less divided, offer- 
conductor of heat, an equilibrium takes 
collected in the bottom of the chamber—the 
ed by the condensation, and their condens- 
ceeding movements, it would appear that 
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their action cannot be instantaneous in de- 


stroying the difference between the pressures | a 


P and p. 
(8.) Let us take the general expression 


z= td (1 - cos 6) for the space passed over 


by the piston for any angle 6 described by 
the rotation of the crank—neglecting the 
small variations arising from the variable 
position of the connecting rod. The angu- 
lar velocity of the crank being constant, 


a“ T ‘ . 
= 0 —; or, taking for the angular unit 0’ 
7 


— 180°, 


= the time corresponding to z, and tT = the 
time of a whole stroke of the piston. 


rl! 
z= 2(1 — cos =) 


tv” being the time corresponding to z’, and 
az"! Yaad 
=n =1(1 — cos —). 


L 

We assume 7 and Tt to be expressed in 
seconds. 

Let ® express the rapidity of the absorp- 
tion of heat by the condenser, 7. ¢., the 
quantity absorbed in one second ; then tr’ 
will be the quantity absorbed during the 
whole process of condensation. The ex- 
pression for this quantity is D g (650-6); 
D being the density of the water, and as- 
suming D =1, then 

rt q (650 ~ 0) 
" . 


~ a . P 
then 6 = 5 im which equation rT’ 


Substituting this, 


[1-e0 


Now we may put 6=R 4, R being a 
co-efficient < 1, depending partly upon the 
resistance due to the pressure of air, and 
partly upon the friction of the steam, whe- 
ther in the connections of the general con- 
denser, or in the tubes of the surface con- 
denser. @ will be composed, first, of heat 
transmitted through the walls or skin of the 
condenser, and expressed by 
a'—b 

e 


n=} 


‘ ro 
To 


a=KT - (3) 

in which 

«x = the co-efficient of conductibility of the 
walls; that is, the quantity of heat 
which passes in 1” of time through one 
sq. met. of this wall, with an assumed 
thickness of one millimeter and for a 
difference of 1° of temperature between 
the two sides of the wall, 


Then | = = 





o = the surface of each of these two sides. 
= the mean temperature of the inside. 
b = the mean temperature of the outside. 

Second—There also enters into the value 
of @ the heat B absorbed by the water col- 
lected at the bottom of the condenser. 

Third—The heat absorbed by the inject- 
ed cold water. 

This last quantity, by far the greatest, 
will be expressed by pp (8-7), in which 
ju= the exterior conductibility of the water, 
or the quantity of heat which enters in 
1” of time into one sq. meter of aque- 
ous surface, for a difference of 1° be- 
tween the temperature of the water and 
of the steam. 
the surface of the jet in sq. met. 

= the mean of the temperatures through 

which the condenser passes during a 
stroke of the piston. 
t = the maximum temperature of the in- 
jected water. 
We may then place as the general value of n, 
q (650 - 8) 


(4) 
oul 
n=} } 1-008 Roepe aE Om) 
(9.) For the sake of brevity let us place 
_ 2.06 650-0 274480 
“mw  O-t° 97448" 


c.5 ” 
6,13 
f=At (7; 7)" 
and substituting in eq. (1) these values, and 
the value of x, as given above, 


Pen g@bilP-s-¥ Dp axes x 
(1-008 pete pt pS @-a)) +8 
(+m+)] S 


This equation is general and applicable to 
both kinds of condenser—cancelling the term 
p = (8-7) when it is applied to the surface 
condenser, In the injecting condenser we 
may also suppress a and @ as being incon- 
siderable compared with » = (@-7¢). In 
reality the external and internal surfaces of 
this condenser are always incrusted or oxi- 
dized, and the latter is also always protect- 
ed by a tissue of stagnant water—circum- 
stances which diminish considerably the con- 
ducting power of the walls. It is otherwise 
plain that 8 is a very inconsiderable quan- 
tity, because the warm water in the bottom 
of the condenser exposes to the steam only 
its upper or warmer surface, while its inte- 
rior conducting power is very small. 





also; 
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For the injecting condenser then we may 
place 


Tci=3SL[(P-s-M 4)3.5 
(1- cos —-~ 2 


1 
+r* 
Pet none 3 q 
ns(@-o) +3 (F+MZ) ©) 

We have assumed R= 1. We shall also 
have occasion to equate the value of T cz in 
the forms, 


Tei=3SL[(P-2) 445-4 (1 -cos. 
q (650-6) ' as 
rex (0-0) +8?! () 
Tei=3SL[7 7? n+3p| . . (8) 


We will put this expression into another 
form, which will show more clearly the in- 
fluence of the surface £. Let >’ be such a| 
value of this surface that the duration of| 
the condensation may equal that of a stroke 
of the piston, or so that~=1. We shall 
then have in eq. (4), in which a and @ are 
suppressed and R = 1, 

anil 7 (60-6) 7) 
n=} [1 -cos eps! oar be 1 
whence cos ie . =—l., 


in other words 

q (650 — 6) 
Tp d' (0-2) 
1 — (650-0) 


are (cos =—1) = or, 


zd’ (0-0) (9) 
Deducting from this equation the value 
of g and substituting it in eq. (7), we have 


Tci=}SL [(-») rer B(1-c08 $ 
+ 3p]. 


z= 
=) 
(10) 

It is obvious that this formula is applica- 
ble only for values of £ greater than, or at 
least equal to, 2’ ; for if we assume a value 
for = lower than 2’, it would be equivalent 
to supposing that the condensation would 
take place at a normal temperature 6 higher 
than 6. 

(10.) It may be remarked that all these 
expressions of work consist of two elements; 
one expressed by the first term, which is the 
work due to the retardation of the conden- 
sation, or its duration, and the other due to 
the normal counter-pressure. I purpose 
discussing these quantities separately, be- 
ginning with the counter-pressure. 

(11.) In principle there is no maximum 





rate of injection. On the subject of normal 
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counter-pressure there is a prevalent opinion 
that the volume of gases introduced increas- 
ing with the quantity of water, there is, for 
each kind of water and condenser, a rate of 
injection to which there corresponds a mini- 
mum counter-pressure. This is true, but it 
is the result of imperfections in condensers, 
and not of injecting condensation as a prin- 
ciple, as we shall prove. 
We have taken (§ 6) 


p= a+S+t PF" 


C 
f' being the part of the pressure due to the 
gases brought by the condensing water. 
Eq. (2) expresses the value of p in ordinary 
condensers, where, as we have already re- 
marked, it is necessary to inject about 
twice the quantity theoretically necessary, 


(Q = 9 — °) on account of the imper- 


fect mixture of the water with the steam. 
If we suppose the mixture to be perfect, 
then the equation 

650 - 0 


o*9 


expresses the quantity effectively injected, 
and the temperature, and may be used to 
determine either one of these quantities in 
terms of the other. 

On this supposition, in place of eq. (2), 
we have 


p=a+ (BES 


supposing the factor 


. (2a) 


1.03 g 650-0 

“my 6-t’ 
oO7 

staan 1, which 

is approximately true in practice. 
Replacing @ by its value deduced from 

the above 


(26) 


we shall have 
650+ @ 


B 
pr At+ i at+—— + 
[: car’) 


Differentiating and placing 33 = 0, 
[ Q 


q 
++ 
q 


1.03 Q 


m v 


650+ ¢ 
an 


dp _9— 5,18 ~ 


dQ 
650-t 
C (1 + 4) 


oad) 


1.03 1 


——. — . (2c) 


m vo 


+ 
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It is from this equation that we may de- 
duce the value of Q which will give the 
minimum value of p. We shall proceed, 
then, to show that, within practical limits, 
there is no value of Q which will satisfy 
this equation. 

Ist. It is impracticable to condense be- 
yond 100°, and it is rarely advantageous to 
condense below 20°, which corresponds to a 
tension of 1.70 centimeters of mercury, 
which should be at least sufficient to raise 
the valves of the air and water pump. Ac- 


Q 


cording to eq. (25) the values of — corres- 


ponding to 100° and 20° respectively, are 
(supposing ¢ =10°) 6.1 and 63. 

2d. The value of m is hardly greater 
than :j;, and we will therefore take it at 
that value. 

3d. gq depends upon the pressure H of the 
steam before cut-off, and the quantity E, the 
part of the stroke during which steam is ad- 
mitted. H varies between 1 and 10 atmos- 
pheres, and E between ;; and 3. Hence 


we have g=;3 (wu being the volume of 


steam introduced, and A the specific vol- 
ume of its resultant water at the pressure H. 
For H = 1 atmos. and E =} 
we find 
uUu= 7 and A\ = 1700; 


whence 
Vv 


4 = 7700 X2 
For H = 8 atmos. and E = 4, 
we find 
Vv 


u= 5 and A = 254; 
whence 
ere ! 
71> ox 15° 
Ath. The volume of the condenser v va- 
ries between _ and V. Introducing these 


values into eq. (2c), as well as the values of 


B and C. 
For 6 = 100°, or a. 6.1, 


we find for H = 8 atmos. 
-650-+61 7°" 640 
—5.18 [0.33 + -Ta5x 71° + rT 
254 «15 1 1 


et 1.08 X 20 =— 1714-5 
1. , 
+ 20.6 +; 








a result with a negative sign. 


For 6 = 20° or o = 63, 


we find for H = 8 atmos. 


650+630]"" — 640 
—5.18 [0.88 + Se | x -asxon 
54X15. 1 


X —y_—Xy 1.03 x 20 = —171.14 


1 +20.6-5, 
a result also with a negative sign. 

It is clear that the results will continue 
to be negative in the case where the expan- 
sion E is 3, and @ fortiori in any case where 
it is expressed by a smaller fraction between 
3 and 7. It is also plain that the results 
will be negative for pressures H lower than 
8 atmospheres, since, in the negative term, 
which alone is a function of the pressure, 
the factor 254 will be replaced by numbers 
exceeding that factor, in proportion as H 
diminishes. Hence the equation (2c) ad- 
mits of no roots for values of the variable 
corresponding to normal temperatures be- 
tween 20 and 100 degrees; in other words, 
there is no minimum of pressure between 
these limits. We therefore infer that we 
may advantageously bring the normal tem- 
perature @ of the condenser as near to that 
of the cold water as the circumstances of 
each particular case will warrant; regard 
being had to the manner of disposing of the 
water. The vacuum has then no limit ex- 
cept the residuary force necessary to lift the 
valves of the air and water pumps. It will 
be readily seen, from a particular example, 
that with the cold water at 10° to 15° (since 
we can practically obtain only a vacuum in- 
dicated by 6 to 7 cent. of mercury, let 0 = 
45°), we can, by suitably increasing the rate 
of injection, and supposing that we can al- 
ways obtain a complete mixture of water 
and steam—we can, I say, reduce @ to 20° 
or 25°, and therefore reduce P to 2.8 or 2. 
cent. of mercury. 

I conclude, then, that that portion of the 
work of the injecting condenser due to the 
normal counter-pressure pS L can be re- 
duced from .093 SL, corresponding to a 
vacuum of 7 cent. of mercury, to .027 S L 
corresponding to a vacuum of 2 cent., mak- 
ing a reduction of say 71 per cent. 

(12.) In formula (7) the first term is al- 
ways positive, since P is always greater than 
p; otherwise the piston would be stopped 
before the end of the stroke; or if it con- 
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tinued its motion by virtue of the inertia of 
the machinery, the living force of the latter 
would be diminished, so as to interfere with 
the regularity of the movement of the en- 
gine, and without any compensating advan- 
tage. This shows that the cut-off may be 
carried too far to allow of an efficient con- 
densation. Hence, other things being equal, 
if we make r vary, the work Tc iz will 
diminish proportionally to (1+7). Again, 
q (650 - 0) 

Typed (0-2) 
according as tand &, or either of these two, 
increase. It appears from eq. (17), which 
follows, that the term expressing the work 
due to the retard of the condensation is in 
the inverse ratios of tT? and 2°. Hence the 
inferences, that it is advantageous to in- 
crease as much as practicable the vacuum 
space of the condenser; to give the injected 
jet of water the largest possible surface = ; 
and to increase as much as possible the 
length of stroke of the piston. 

(13.) The first of these conditions seems 
to have escaped the attention of engineers 
and builders. The only point upon which 
they have been preoccupied in this particu- 
lar is to increase in some measure the capa- 
city of the condenser, with the object of 
diminishing the back pressure of the gases; 
persuaded, no doubt, that the condensation 
is instantaneous. But eq. (6) shows that 


T cz varies not only by the quantity M 4. 


cos increases from —1 to +1, 


relative to the pressure of the gases, but 
still more by the factor (l-+-7r). In fact 
the rule generally adopted for the capacity 
of the condenser, is to make it between } 
and + that of the cylinder for single acting 
engines, and } for double acting. 

M. Farcot has deviated from this rule in 
the engines of the Imperial manufactory of 
Gros-Coillon, which have a condenser equal 
to the cylinder in capacity. We believe we 
can recommend his variation. We will show 
the importance by an example. Take a 
particular case, where P = 1 at. = 1.03 k. ; 
p=0.1 at.=.103 k. Take formula (8), 
wheren=1. Substituting, we have 

, 309 
Tei=SL= (py +108) 
Make successively r= }, $, 1,2. Then 


(3) 
Tci=.377S L 


(3) 
Tci=.360S L 
(1) 
Tci=.2578 L 





(2) 
Tci=.206S L 
and substituting 
(3) (1) 
= 


=. =F 
( 377 
1” 7 
(3) (2) 
T —T 
( 
x 3) 


(+) (1) 
T —T _ 103 ¢ 
a ee re 
(T 

(2) 
—f 


(3) 
T 


Hence, in an engine expanding till the 
pressures becomes 1 atmosphere, condensing 
at 0.1 at., and where the duration of the 
condensation equals the time of a stroke of 
the piston, 

Ist. The condenser having a vacuum ca- 
pacity of } the volume of the cylinder, (7 = 
x), if it be replaced by another equal to the 
volume of the cylinder (r= 1), then the 
work T ci will diminish 32 per cent. If 
replaced by one double the volume of the 
cylinder, T c z will diminish 45 per cent. 

2d. The condenser having + the volume 
of the cylinder, if the same substitutions 
are made, T cz will diminish in the first 
case 28 per cent, and in the second 42 per 
cent. 

(14.) As to the second inference (No. 12), 
no importance has heretofore attached to it, 
though it possesses a great deal. The water 
is brought into a receiver placed beside the 
condenser, whence it flows into the latter by 
means of atmospheric pressure through a 
common nozzle, with no provision, however 
poor, for dividing the jet. It will be well 
to examine the influence of = upon the work 
of the condenser. 

Let P = 1.03 k., p= .103 k., r= 4, and 
taking eq. (10), 


Tci=SL [ 128 (1 ~omn >)+ 103 | 


it will be seen that, if = be only slightly 
increased, T cz will be only insensibly dim- 
inished. This last remark explains why we 
obtain no improvement in the vacuum, prac- 
tically, by increasing the admission of water 
beyond a certain degree ; for though we in- 
crease the admission of water, we increase 


32. 


_ 171 


= 377= 45. 


(3) 
T 154 | 


ae ae 42, 
360 
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the surface of the jet very inconsiderably, 
and even this slight increase is counterbal- 
anced, or even more, by the increase in the 
quantity of gases brought in. But suppose 
that, by means which I shall indicate, we 
could double, triple, quadruple, centuple 2; 
the differences between the values of T cz 
would become very perceptible. For in- 
stance, make successively = ¥’; 10 2’; 
100 =; then 


(1) 
Tci=S L [.128.2-+ .103]= .359 8 L 


(10) 

Tci=.109SL 

(100) 
Tci=.10318 L, 
and 
(1) 
ci—T 
(1) 
Tci 
(1) (100) 
Tci—Tci _ .2559 _ 
(1) 399 
Tcé 

Hence, having an engine where the dura- 
tion of the condensation equals the time of 
the stroke of the piston, where © = & orn 
= 1, if we increase tenfold the surface of 
the jet, the work will diminish 69 per cent, 
and if we increase it a hundredfold, the 
work will diminish 71 per cent. 

(15.) Let us now inquire how the desired 
increase in the surface of the jet may be ob- 
tained, and within what limits it may be 
properly increased. 

M. Sanial du Fay, a naval engineer, has 
devised a method of ‘pulverizing’ the 
water, or reducing it to the form of spray, 
thus giving ita great amount of surface. 
This method consists in forcing the water 
through two converging nozzles, so that the 
two streams collide a short distance from 
the points of emergence, the result being a 
minute division of the water. The minute- 
ness of the division increases with the pres- 
sure under which the water is forced. By 
this means a litre of water can be given 600 
square meters of surface. The water enters 
the condenser in this comminuted condition, 
and the stream, mingling with it, obtains a 
great surface of contact—as it were, parti- 
cle with particle. There results a sudden 
and intimate mixture, a very rapid conden- 
sation, and a perfect equilibrium of tempe- 
rature between the water of the condenser 
(consisting of injected water, and water of 


(10) 
os 


.250 


359. => .69. 


71. 








condensation) and the normal vapor of the 
condenser. 

(16.) Besides the advantage of rapid con- 
densation, we also have the power of dimin- 
ishing the actual rate of injection. Let us 
examine this. 

Ist. The quantity of water at the tempe- 
rature ¢ necessary theoretically to condense 
to the temperature 6 is, for each stroke, Q 

650 - 0 

=@g =—- . 
water required in practice varies between 
1.75 Q and 2Q. This is due to the fact 
that a considerable portion of the water es- 
capes contact with the steam, and has no 
effect upon the condensation. Practically, 
on the one hand, the surface = of the jet is 
relatively small, and is but little increased 
by opening wider the injection valve. On 
the other hand, the water is kept flowing in 
a constant stream, while it should, on prin- 
ciple, diminish as the condensation goes on, 
and terminate with it. Hence it happens 
that the water issues from the condenser at 
a temperature below 0, and the condensa- 
tion occupies the whole stroke of the piston. 
This is shown by the diagrams when they are 
drawn with care, and by the aid of an indi- 
eator sufficiently sensitive. To approximate 
the rate of injection to the theoretical rate 
there is requisite, not merely a rapid and inti- 
mate mixture of water and steam, but also an 
intermittent injection, lasting only during the 
time absolutely necessary for condensation. 

With this view I propose the following 
arrangement. The cold water cistern, in- 
stead of being open, is to be closed and put 
into communication intermittently, at each 
stroke of the piston, with steam which sur- 
rounds the cylinder. This communication 
should last a little longer than the time re- 
quisite for condensation. The flow of the 
water will be effected by the pressure of the 
steam, and will cease the moment the com- 
munication is intercepted. Fig. 2 will give 
the idea substantially. D is the cistern, 
subject to intermittent pressure ; A, a valve 
worked by the rod of the slide valve; E, in- 
jecting condenser; F, steam port opening 
into condenser ; G, communication with air 
and water pump; a, Du Fay nozzles for 
comminuting the water; they are fixed in a 
copper pipe, which can be easily withdrawn 
in case of obstruction, and another replaced 
through the hole B; C, reservoir of cold 
water; R, check valve between the cistern 
and reservoir. When the valve A is open, 
the check valve R shuts; when it closes, R 


Generally the quantity of 
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is opened by atmospheric pressure, and the 
water expended from D is resupplied auto- 
matically by the reservoir C. By means of 
such an arrangement the actual rate of in- 
jection may be diminished so as not to ex- 
ceed one-tenth the theoretical rate, which 
is, in effect, the use of water amounting to 
1.1 Q in place of 1.75 Q — an economy of 
65 

175° BT. 

This economy may, in some cases, be a 
matter of no small consequence; indeed it 
may become highly important when water is 
in limited supply, or has to be pumped from 
a great depth, or when it is necessary to 
allow a high temperature in the condenser 
and consequent strong back pressure, or 
even to otherwise abandon the condenser 





altogether. 


2d. In a case where this economy of water 
can be realized, instead of employing it to 
reduce the normal temperature 0, and con- 
sequently the back pressure of the con- 
denser, we may reduce in the same propor- 
tion, viz, 37 per cent the volume of the air 
pump, and thus diminish sensibly the resist- 
ing work of this member. The work Ta of 
this pump is 

Ta=0-4 (1.03 -p’) s 7; 
an expression in which O is the work due to 
the exhausting of the water and air, and to 
friction ; s, the area of piston in sq. cent. ; 
1, the stroke; p, the mean pressure in the 
condenser during a stroke of the piston. 
Keeping in view the preceding, s may be re- 
placed by 
s'= s (1-.37) = 63s 
and substituting 
T a= 0-4 (1.03 -p’) .63 s 2. 

Allowing that O remains the same—a 

supposition not favorable to our case—then 


Ta-T’a 
—“¥5-0- 1 — .63 = .37. 

(17.) The third condition mentioned in 
(§ 12) with reference to the duration of the 
stroke of the piston, seems to have received 
no attention in the various projected engines. 
‘This element of the problem has always been 
made subordinate to considerations having 
no reference to the development of power. 
This will be seen by the following tables, 
taken from examples given in the work of 
M. Gaudry, Traité des Machines. 

It appears by these tables that the dura- 
tion of the stroke varies between 0.375 and 
1.200, and without any relation to the ele- 
ments of motor power (pressure, diameter, 
and velocity of piston). It appears that 
it has been determined only after the dia- 
meter of the wheels or the pitch of the 
screw, with the view to obtaining a given 
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velocity for the moving apparatus. In en- 
gines already constructed this duration can 
be modified only by changing the velocity of 
the piston, and this by diminishing or in- 
creasing the admission of steam. Under all 
circumstances where the resistance to be 
overcome will allow of a diminution of this 
velocity it will be advantageous to make it. 
But when we contemplate the construction 
of an engine, and observe that we can vary 
within certain limits the diameter of wheels 
and screws, the angular velocities, and the 
rate of gearing, we may realize the advan- 
tages of a long stroke of the piston. For 
example, the vessels Encounter, Niger, Ar- 
rogant, Termagant, whose strokes are re- 
spectively .375, .400, .500, .833 seconds, 
might have been so constructed as to make 
but 25 turns per minute, like the Napoleon, 
by means of suitable gearing or otherwise. 
We may put eq. (7) under the form 


1 q° (650-6)* 
Tci= 4 SL [we oe» 4 7*y?3*(0-1)' 
+ 3p | ; 


replacing the cosine by its value in terms of 
the arc, and stopping at the second term of 
the series, which gives this value. It will 
be seen that, all other things being equal, 
if we can vary the time of the stroke of the 
piston, the portion of the work due to the 
retardation of the condensation will diminish 
proportionally to the square of this time. 

(18.) Resuming the principal results fur- 
nished by the discussions of the formulas 
relative to the injecting condenser, we make 
the following deductions. 

Ist. There is no maximum rate of injec- 
tion. The vacuum of the condenser has no 





other limit than the weight of the valves of 
the air pump, and the portion of the work 
due to the normal counter-pressure can be 
reduced about 71 per cent. 

2d. There is an advantage in increasing 
the vacuum space of the injecting condenser. 
By increasing it five times, the work due to 
the retardation of condensation will be 
diminished 28 per cent; increasing it ten 
times, it will be reduced 42 per cent. 

3d. By injecting the water in a state of 
fine division, this same work may be reduc- 
ed 71 per cent. If the second and third 
reductions are realized at the same time, 
their combined effect will be (calling Tr the 
work due to the retardation), T 7 (1-.42) 
(1-.71) =17 Tr. 


The total reduction then is T r( 


1-.17) 
Tr 
= 83, or 85 per cent. 

4th. The actual rate of injection may be 
reduced about 37 per cent. 

5th. It is advantageous to make the time 
of the stroke of the piston as long as may 
be consistent with the work to be done. 

(19.) To show the importance of the ad- 
vantages resulting from the reductions of 
work just mentioned, it only remains to de- 
termine, by some examples, the relation be- 
tween the resisting work of the condenser 
and the developed motor power. I shall do 
this, theoretically, by means of some for- 
mulz I have obtained, and practically by 
the use of diagrams, drawn with great care 
by an ingenious contrivance made by M. 
Farcot. These diagrams were constructed 
by M. Demondiser, chief engineer of the 
government manufactories, figs. 3 to 11. 

We may observe that, in each diagram 
the curve determines three areas, viz, the 
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Fig. 3. 










































































area a bcd hi, fig. 3, which represent 
developed power per sq. cent. of surface 0 
the piston; that is, the quantity 
Tm _ . L\. 
AP =HE (1473); 
the area f g h i representing the portion of 
the resisting work of the condenser due to 
the normal counter-pressure p, which I shall 
designate by T p; that is, the quantity 


and the area de f g representing the other 

part of the work of the condenser due to 

the retardation of condensation, which I 

shall designate by T 7; that is, the quantity 
— =} ed 

I give in the following table the values of 
eee Ls a 7 deduced separately 
from the aforementioned diagrams, from eq. 
(8), and also eq. (10), to a condenser modi- 
fied conformably to the consideration in $ 
12-16. 

The engine which furnished these dia- 
grams made 29 revolutions per minute, and 
its condenser had a vacuum space one-fifth 
the capacity of the cylinder. The valves 
had but a very slight lead. In the diagrams 
the line of perfect vacuum was determined 
by the pressure p observed by the manome- 
ter of the condenser, and the portion of the 
initial ordinate below the atmospheric line. 
The values of m, introduced into eq. (8), 
were determined by the diagrams. As there 
was some uncertainty about the true posi- 
tion of the point of contact of the are of 
the parabola with the line parallel to the 
atmospheric line, there resulted also some 


indecision as to the true values of a , and 


consequently of 7 &* deduced from that for- 


mula. It will be readily understood 
that the values deduced from the diagrams 
are still less precise. There should be, 
then, some differences in the results from 
the diagrams and those deduced from the 
formule. But they approximate sufficient- 
ly to allow the conclusion that kd ranges 
between 12 and 14 per cent, or a mean of 


13 per cent, in which oa figures for seven 


Tp , 
per cent, and Tin for six per cent. 
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It will be seen that, in the 


Tci 
actual condenser, tm 


ries between .118 m. and .145 
m., the mean being .130 m. 
This ratio, in the modified con- 
denser, gives a mean of .033 
m., being an economy of 6.5 
per cent of developed power, 


| not including the economy in 


the working of the air pump. 
(To be continued.) 


MALLEABLE CAST IRON. 
Translated from ‘‘ Le Génie Indus- 
triel.’? 

For the production of this 
material most of the German 
founders use first fusion pig, 
free from sulphur and _ phos- 
phorus, or Scotch pig. Styria 
also furnishes a suitable iron, 
which can be used only in the 
north of Germany, however, 
on account of the expense of 
transportation and high duties. 
On account of the competition 
of wrought iron, great cheap- 
ness is very essential to its sale. 

The makers keep secret the 
brand or grade of iron which 
they employ, but it is well un- 
derstood that the brands are 
not the same in different estab- 
lishments. The iron is melted 
in plumbago crucibles, holding 
about 30 kilog. They are cov- 
ered with porcelain lids, to 
keep out impurities and cinders 
which reduce the high heat re- 
quisite for the process. The 
fire, in which the crucibles are 
placed, is from .630 m. to .940 
m. square, and is surrounded 
with bricks of porcelain earth. 
The use of blast is not advan- 
tageous, since the economy of 
time is offset by a greater con- 
sumption of coke. The natural 
draught of the chimney is suffi- 
cient when the furnace is prop- 
erly constructed. As we have 
said, an essential condition of 
success is a high heat at the 
moment of pouring. Practice 
enables the founder to estimate 
the heat of the furnace, and 
he recognizes the precise mo- 
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ment by plunging a bar of red hot iron 
into the crucible, from which, upon being 
withdrawn, the metal flies off in sparks. The 
erucibles are raised with tongs, with curved 
jaws, and the pouring is done with all possi- 
ble promptitude—the surface being first 
cleaned. 

By cementation the casting acquires the 
properties of wrought iron, having some 
analogy to steel. The operation consists in 
subjecting the castings to a prolonged red 
heat, ina bath of pulverized red hematite. 
They are arranged in boxes of cast iron call- 
ed mufiles. It would seem that the cylindri- 
cal form ought to be most advantageous for 
the boxes, but practically they are simply 
square, and with covers which should keep 
out entirely the least access of air. 

In arranging the castings in the boxes 
they are placed in layers alternately with 
layers of hematite. The cementing furnace 
is very simple. The grate is in front, and 
the draft of the chimney carries the hot air 
around the boxes. The heat should be con- 
ducted with care, starting rather vigorously, 
in order to reach quickly the desired tem- 
perature ; then supplying the furnace at re- 
gular intervals. The cementation lasts three, 
four and five days, according to the size of 
the pieces. A charge is about 350 to 450 
kilog. of castings. In arranging the charges 
large pieces should not be mingled with 
small, and those muffles containing the larger 
pieces should be placed in the furnace first. 
On the other hand the smaller objects are 
placed on the sole of the furnace. Without 
these precautions many pieces may be 
burned, or badly decarburized—the latter 
becoming something intermediate between 
iron and steel. When the operation is 
deemed complete, the fire is allowed to 
fall, but the furnace is not uncharged 
until it has gradually cooled. Practice 
plays an important part in the manage- 
ment of the firing, as the temperature can be 
judged of only after prolonged experience. 
Next to the fuel, the greatest expense is the 
cementing boxes, which are often serviceable 


only for a single operation. 
Tr PENNSYLVANIA STEEL WorKs.— 
These works are producing eight heats of | 
five tons each in one ‘‘ turn” of twelve hours. | 
This is remarkably fast working, and proves | 
the excellence of the machinery and of the 
management. The entire eight heats of iron | 
are melted in one charge of the cupola, as 
improved by Mr. Pearse. | 


Vou. I.—No. 7.—42. 





AMERICAN RAILWAYS. 


AN ENGLISH VIEW OF THEIR MERITS AND 
DEFECTS. 
From the correspondence of ‘* Engineering.”? 


In the mechanical construction of Ameri- 
can rolling stock the bogie plays a most con- 
spicuous part, and is the chief feature of 
difference between our own practice and that 
of American engineers. In America its 
adoption is universal, whilst in this country, 
in actual practice, it is very little known. 
There must, of course, be some substantial 
reason for so great a difference between the 
practice of two countries so intimately con- 
nected. 

In the first place, then, the permanent 
way in America is generally understood to 
be inferior to our own, and on this point I 
think very little doubt can exist. The sec- 
tion of rail is usually considerably lighter 
than with us, and is out of all proportion to 
the loads it has to carry. The roads are 
scantily ballasted, and the use of ballast at 
all is the exception, and not the rule. Much 
has also been said about the inferior quality 
of the rails sent to America, but I would 
venture to say the rails are “more sinned 
against than sinning,” as I shall presently 
show. 

Those who have not had an opportunity of 
examining the permanent way can form no 
idea of the rough character it presents. The 
rails are laminated, bent, crushed, and out 
of line to an extent entirely unknown in this 
country. The “fishing” of the joints is 
also done in a very inferior manner, and 
there are thousands of miles laid without the 
joints being fished at all. On one line, where 
I was detained owing to a goods train being 
off the track—the result of a broken rail— 
I took the opportunity of noting the ine- 
qualities of the road, and measured the dis- 
tances the rails had parted asunder at some 
of the joints; I found in many places the 
gaps to vary from 1 in. to 35 in., and the 
ends of some of the rails thus separated 
were off the sleepers altogether. The break- 
ing of the rail in question, therefore, ceased 
to be a matter of surprise. In winter the 
ground is frozen, for months together, almost 
as hard as granite, and, practically, during 
this time no repairs can be done to the road ; 
to make the matter still worse, in freezing 
it often happens that one rail is elevated 6 
in. or 7 in, above tlre level of the other. 
These ‘frost-blisters,” so called, are of fre- 
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quent occurrence, and the unevenness of the 
line is a source of great trouble and danger. 

Some idea may be formed from this of the 
difference between the American permanent 
way and our own. It is to such roads as I 
have described that American engineers have 
had to adapt their rolling stock, and for 
them the bogie is an absolute necessity, as it 
enables a carriage to pass over such roads as 
I have described with less oscillation, vibra- 
tion, or jolting than is experienced in the 
railway carriages in this country. 

It is only justice, however, to say here 
that, with increased capital and other favora- 
ble circumstances, many of the American 
lines are being gradually reconstructed and 
the permanent way made generally equal, 
and, in some respects, superior to our own ; 
rails of heavier and better sections are being 
laid down, and steel rails, with steel fish- 
plates, of greater length than ours, are being 
largely introduced. 

It may, therefore, be worth while to con- 
sider if the Americans can construct carriages 
to pass smoothly over rough roads, whether 
it be not possible for English engineers to 
construct stock which, at all events, will run 
with some degree of comfort over lines which 
are incomparably superior. The chief dif- 
ference between the two is, that in the 
American arrangement, all, or at least the 
greatest part, of the motion arising from the 
irregularities of the road is absorbed by the 
bogie, and not transmitted to the body of 
the carriage, whilst with us every uneven- 
ness in the road is at once communicated to 
the body of the carriage, the result being 
that our carriages oscillate at times to a 
frightful extent, which not only unpleasant- 
ly affects the passengers, but is a source of 
considerable extra expense to the railway 
companies, for the carriages require to be 
much heavier than would otherwise be neces- 
sary, to withstand the shocks caused by the 
whole weight of the carriage being thrown 
violently from one side to the other; the 
flange friction and also the friction on the 
ends of the journals is much increased, and 
the damage to the tyres and permanent way 
consequently much greater. 

It is often a matter of wonder why 
omnibuses traveling over roads which for 
evenness bear no comparison to a railway 
should be so much lighter in proportion to 
the load they carry. Put hornplates on an 
omnibus, and you will soon shake it to pieces, 
and no passenger would ride in it a second 
time. In an omnibus, however, the irre- 





gularities of the road are absorbed by the 
springs, and not transmitted to the body of 
the vehicle, and why should not the same 
principle be carried out in railway practice 2 
Some time ago Mr. Attock, the carriage 
superintendent of the Great Eastern Rail- 
way, successfully interposed india-rubber 
blocks between the body of the earriage and 
the frame, in order to prevent the noise be- 
ing transmitted ; the arrangement having 
also other advantages. The comfort to pas- 
sengers was found to be so great from this 
simple introduction that most of our railway 
companies immediately adopted it, and few 
carriages are now constructed without the 
india-rubber blocks. If this principle were 
carried a little further it would be compara- 
tively easy, not only to prevent the trans- 
mission of sound, but also of violent motion 
arising from inequalities of the road, and 
the principle embodied in the swing bogie of 
America would accomplish this, and might 
easily be adapted to the existing rolling 
stock. 

Having said so much in reference to the 
principle and utility of the bogie, I may 
proceed to another distinctive feature in 
American rolling stock—the chilled cast- 
iron wheel. The Americans are perfectly 
familiar with the construction of our car- 
riages, wagons, and locomotives, and the 
best English examples have been tried on 
their lines of railway. I saw in the shops 
of several railway companies numbers of 
English-made wheels, both wrought iron and 
wood ; some of these had been tried, but 
very soon broke up, and were frequently the 
cause of accidents. 

However anxious American engineers are 
to adopt the best arrangements of their own 
or other countries, we have not been able to 
offer them wheels at all approaching in 
strength, durability, and cheapness to their 
cast-iron chilled wheels. 

It was shown both in a recent paper* 
and during the discussion which followed 
upon it, how much stronger, cheaper, lighter, 
and enduring these wheels as manufactured 
in America (and also on the Continent, 
where they are largely used) are to our own. 
Since the Americans have paid us the com- 
pliment of trying varieties of wheels manu- 
factured in this country, we might return 
the compliment, and see how far their 
wheels would be valuable to us here. One 
of our most enterprising locomotive super- 





*Read before the Institute of Civil Engineers. 
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msestintn Mr. W illiam J Sian, hes already | 
made an experiment with them, and in reply | 
to an inquiry as to the result, says, that after 

running them for a considerable length of 
time under the bogie of one of his heavy en- 
gines, he could see no traces of wear at all, 

and that the surface in contact with the rail 
was simply polished. 

The American wheels are made from the 
best cold blast charcoal iron, the strength 
of which is exceedingly great, as may be| 
judged from their test bars standing a tensile | 
strain of 18 to 21 tons per square inch of | 
section ; and not only is the tensile strength 
great, but their tenacity is equally striking. 
In breaking the pigs I have seen them bend 
to avery visible extent before separating. 
Scotch iron in one or two instances has been 
attempted, mixed with superior American 
iron, but without success, and all such ad- 
mixtures are regarded with extreme sus-| 
picion, and are only attempted by inexperi-| 
enced or unprincipled manufacturers. It is 
worthy of remark that even among the bet- 
ter class of charcoal irons there is almost as 
much difficulty in obtaining suitable material 
(with the requisite chilling and other pro- 
perties) for these wheels, as there is in select- 


ing suitable material for good Bessemer 


steel. In America, out of a considerable 
number of generally excellent irons there are 
not more than half a dozen which have ob- 
tained a special reputation for this class of 
work, among them the Salisbury, the Rich- 
mond, and more recently, and with remarka- | 
ble success, the Acadian charcoal iron, | 
which, notwithstanding the very high duty) 
of nearly £2 per ton, has been imported 
from Nova Scotia for the manufacture of 
chilled wheels by Messrs. Whitney and Sons, 
of Philadelphia. 

In Germany, too, where these wheels are 
greatly in vogue, and where their manufac- 
ture has been conducted with special skill, 
the range of selection of really suitable 
irons is comparatively small. The cost of 
such iron ranges from £6 10s. to £7 10s., 
or even more, per ton in the States, and the 
price of wheels 2 ft. 9 in. diameter, weigh- 
ing from 400 to 550 lb. ranges from £2 15s. 
to £3 7s. 6d. per wheel or an average of 
about £14 to £14 10s. per ton. The dis- 
tances travelled by these wheels have been 
variously stated, but the average may be 
safely taken as from 100,000 to 150,000 
miles. I may just mention that the wheels 
are not keyed on, but simply forced on by 
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/and convenient in construction. 








hydraulic pressure, varying from 20 to 30 


on 


tons. There j is nothing peculiar about the 
axles employed, but the axle-box is simple 
On many 
lines the bearing is formed by running white 
metal into a brass frame, which is found to 


| be much more economical than brass alone. 


The distance these bearings will run is from 
50,000 to 55,000 miles, and afterwards they 
are again lined up. The journals are lubri- 
cated with crude surface rock oil‘from the 
wells of Pennsylvania, the cost of which is 
only 6d. per gallon; in England we pay 
from 3s. to 4s. 6d. per gallon. 

It is very pleasing to note the efforts made 
by all the railway companies in America to 
secure the greatest amount of comfort to the 
passengers. The subject of ventilation has 
occupied considerable attention, and ingeni- 
ous contrivances for effecting this most de- 
sirable object are very numerous and inte- 
resting. It is a very easy matter by open- 
ing a window to admit a rush of air into a 
compartment, as many of us know to our 
cost, and it is very uncomfortable to be stifled 
by having the windows closed altogether ; 
between the two—in this country—we have 
very little alternative ; there are certairly 
what are termed ventilators over the doors, 
but they are all but useless, not being con- 
structed on any correct principle for the 
proper circulation of air. 

Now, the Americans have a very simple 
plan for exhausting or drawing the impure 
atmosphere out of their carriages, which 
is the principal difficulty experienced in all 
attempts at ventilation. On one occasion, 
whilst traveling in a sleeping car, I felt a 
strong inclination to smoke a cigar ; I asked 
the attendant if it were permitted, and was 
informed that such a thing was never allow- 
ed; but, seeing that I was an Englishman— 
and with that desire which, I must say, 
evinces itself at every turn to show atten- 
tion to our countrymen—he said: ‘“ Though 
it is not allowed, Sir, I will fix you up so 
that you can smoke your cigar and no one 
shall know. I was curious to see how this 
was to be done, as there were passengers 
sleeping on every side who would certainly 
have complained had they perceived any- 
thing so unusual. Presently he appeared 
with a small flat board about 7 in. wide and 
13 or 14 in. long. ‘* This, Sir, is the ven- 
tilator, which I shall put in the window, 
and you can then smoke as much as you 
like.” He then opened the window, and 
inserted the board so that it projected at 
right angles to the carriage-body, immediate- 
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ly causing a strong outward current of air 
which took away the smoke. The principle 
of it is easily seen: the board causes a rush 
of air in front of the window, to the distance 
it is projected, and a vacuum is thus created 
on the other side of the ventilator, and the 
air exhausted from the carriage) With this 
simple contrivance—and the same principle 
is carried out in various ways by the Ameri- 
cans—for exhausting the foul air, and by 
admitting the pure through a considerable 
area of fine wire-gauze, either in single sheet 
or a double, placed so as to leave a space 
between the two—instead of allowing the 
air, as is the usual practice here, to rush 
through unchecked openings injudiciously 
placed, causing dangerous draughts—we 
should have a very efficient method of ven- 
tilation. 

I would next make a few remarks on their 
locomotives. It has been said that the dif- 
ference between between English and Ameri- 
can locomotives is in outward appearance 
only: this may be so to a great extent, but 
I think there are points of detail (and points 
of detail are sometimes very important) 
which are worthy of note and consideration. 
The first glance at an American locomotive 
gives you the impression of an old Bury 
engine with a bogie in front and a great deal 
of Birmingham finish, and one is inclined 
to imagine that American engineers cannot 
have seen English locomotives, but this idea 
is soon dispelled when they are examined in 
detail or their performances witnessed. The 
curves on some of their main lines are very 
severe: as an example, those on the Penn- 
sylvania Central above Altoona are set out 
to a radius of 600 ft., not for short distances 
only, but in long lengths of continuous 
curves. The heavy traffic is worked over 
this section of the line by means of six- 
wheeled coupled engines, which in passing 
round the curves have comparatively no 
flange friction at all; the bogies of these 
engines have a swing motion similar to that 
of the carriages, which leaves the engine, 
to a great extent, free in front; the bogie 
wheels are made to correct guage, and, in 
order to prevent grinding or flange friction, 
the leading and centre driving wheels are 
virtually without flanges, the leading wheel 
having no flange and the middle wheels be- 
ing very slack in guage, whilst the trailing 
wheels fit the gauge exactly. From this it 
will be apparent that there are no binding 
points throughout the whole wheel base. 
The tyres of the two middle wheels are 


made much broader to allow the necessary 
lateral travel. Four-wheeled coupled en- 
gines are also sometimes made without any 
| flanges on the driving wheels. 

The framing is made of square bar iron, 
well put together; plate-framing has been 
tried and abandoned. The slide valves are 
horizontal and worked by means a rocking 
shaft ; direct-acting valves have been tried, 
but given up, and all engines with such valve 
arrangements sent from this country have 
been altered. 

Instead of the balance weight to the link 
motion, a simple arrangement of coil spring 
has been substituted, which has a neat ap- 
pearance and enables the reversing lever to 
work more freely. 

A “ Ramsbottom” arrangement of screw- 
reversing gear has on some lines been adopt- 
ed in combination with the reversing lever, 
so that either one or the other can be used. 
The eccentric straps and sheaves are of cast 
iron, neither brass nor white metal being 
used. They wear much better, are much 
cheaper, and give no trouble. The smoke- 
box is simply a continuation of the boiler 
plates, and the smoke-box door is of cast-iron. 
| This makes a strong, substantial arrangement, 
and at the same time cheap and easy of con- 
struction. 

Steel boilers are becoming very general, and 
were to be found in the locomotive shops of 
all the railways I visited, and steel fire-boxes 
were also very largely employed. American 
engineers have no hesitation on this sub- 
ject, and could they obtain good steel plates as 
cheaply as we can in this country, the use of 
iron plates would soon be abandoned. The 
fire-boxes are only } in. thick, and some of 
the locomotive superintendents informed me 
that, were it not for the difficulty of the 
stays, they would have them still thinner. 
Thin plates are advantageous in two ways ; 
steam is generated more rapidly and economi- 
cally, and they admit of easy expansion. 

Steel fire-boxes have broken in this coun- 
try, but this, I believe, was owing in a great 
measure to the thickness of the plates. 
Whilst we are hesitating in this country 
about the use of steel boilers, the Americans 
have passed through the field of experiment, 
and are now largely using them. I saw a 
steel boiler tested at Pittsburg; the plates 
were } in. thick; the boiler was 38 in. dia- 
meter and 4 ft. long, with flat ends stayed 
longitudinally. Some of these stays gave 
way with a pressure of 780 lb. on the square 
inch, and one end of the boiler was blown 
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out, the thickness of the plates being much 
greater than in the barrel. Before bursting, 
the barrel stretched 4 in. in circumference 
beyond its original dimensions. te 

The weight on the driving wheels of the 
4-wheeled coupled engines is from 8 to 12 
tons, being very excessive for the prevailing 
light sections of rails. 

We are astonished when accounts reach 
us of the number of rails broken in America, 
but to any one who has been over there and 
investigated the subject, it is a matter of 
surprise that the number is not greater. The 
weight of the rails, generally, is from 56 to 
60 lb. when new, but, but after several years’ 
hard wear this will be reduced to about from 
48 to 52 lb. The rails are so crushed in 
many places as to reduce the section to the 
web and bottom only. That such rails 
should break with engines of 30 to 35 tons, 
with 12 tons on an axle, is certainly not sur- 
prising. 

Though the engine plays a destructive 
part in the wear and tear of the rails, the 
wagon stock is equally, if not more, destruc- 
tive. The worst feature in this department 
is the inefficiency of the springs under the 
wagons. India-rubber is employed to a great 
extent, and thousands of wagons are provid- 
ed with nothing but small blocks of rubber 
of such insignificant dimensions as virtually 
to render the wagons without springs at all ; 
and in winter time, especially, when the 
ground is frozen as hard as stone, and when 
the greatest amount of elasticity in the stock 
is required, these small blocks of rubber are 
practicaily of no value, and wagons weighing, 
when loaded, from 20 to 25 tons, are running 
dead over the frozen track. Some of the 
wagons, provided with steel springs, are very 
little better. I measured a number of the 
springs and found them actually not to ex- 
ceed 12 in. between the bearing points, and 
far too stiff and rigid to afford any relief to 
the superincumbent load. I have seen a 
number of anxious American letters on the 
subject of rails sent out from this country, 
both iron and steel; but of what extraordi- 
nary material must a rail be made to stand 
such punishment as I have referred to, not 
to mention other causes which I will not now 
attempt to discuss. 

As a brief comparison of the relative 
amounts of dead weight to the load carried 
would, perhaps, be interesting to your 
readers, [ may mention that the American 
carriages generally carry about 70 passengers 
each. The weight of the carriages, former- 








ly, was from 12 to 15 tons, but those recent- 
ly constructed are no less than 15 to 17 
tons. ; 

The “ drawing-room cars ’’ (so called from 
a fear of making any avowed distinction of 
class, such as first, second, and third) are 
still heavier, while the weight of the sleep- 
ing cars are from 20 to 35 tons. The 
greatest difference, however, between the 
practice of the two countries lies in the dead 
weight to the paying load in their goods 
trafic. The largest proportion of their 
freight cars are covered goods wagons, mea- 
suring from 28 to 30 ft. long and about 8 ft. 
6 in. wide, with a bogie at each end. The 
total weight of these wagons is from 9 to 11 
tons, and the load they are required to carry 
is from 9 to 12 tons, or, practically, an equal 
weight of dead load to the paying weight 
carried. 

So miscellaneous are the weights and di- 
mensions of our English wagons that it is 
difficult to classify them, but taking a fair 
average we may safely assume that as regards 
dead weight we have an advantage of at 
least 30 per cent. in our favor. 


FOUNDRY ECONOMY. 


In a late lecture on ‘“‘ Applied Mechanics,” 
before the Society of Arts, Mr. John An- 
derson, C. E., Superintendent of Machinery 
to the War Department, after familiarly de- 
scribing the distinctive properties of cast 
and wrought iron and steel, proceeded to 
speak of the molecular structure of metals. 
All metals, he said, are crystalline, but the 
crystallization is better observed in some me- 
tals than in others. In cast iron, especially, it 
is very apparent. The crystallization of cast 
iron is governed bya natural law. This law 
was first pointed out, to the best of his belief, 
a few years since, by Mr. Mallet, and is this: 
When cast iron is in a liquid state—when 
the molecules have sufficient heat amongst 
them to give liquidity—the direction of crys- 
tallization is determined by the lines into 
space which the heat takes. When this law 
was first started it was received with skepti- 
cism, but ever since the law had been point- 
ed out, he (the lecturer) had never observed 
in any piece of broken metal an example to 
the contrary. If we introduce into castings 
irregularity of figure, or anything which 
creates currents outwards in various direc- 
tions, then we get wrong; we introduce lines 
of weakness. According to this law, guns 
up to this time have always been made wrong, 
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The Americans are acting upon this law in 
everything they are doing, and that gun of 
theirs which some time back came to this 
country, almost like a soda-water bottle in 
shape, was constructed in strict accordance 
with this law, and, therefore, possessed the 
utmost strength attainable with the same 
weight of metal. The molecular appearance 
of cast iron depends on the rate at which the 
heat is hastened out of the casting. 

As to the goodness of cast iron, goodness 
for small castings is not goodness for an 
hydraulic cylinder ; goodness for an hydra- 
ulie cylinder is not goodness for a gun. 
Density is a quality good for both the latter, 
. but we don’t want ductility for an hydraulic 
cylinder, but for a gun it is required ; for 
the hydraulic cylinder we want very great 
density. As a rule, the hardness of cast 
iron or cast steel depends upon three things: 
1, on the quantity of carbon which the mass 
contains; 2, on the heat to which it was 
raised before carrying the heat out of it ; 
and 3, on the rate at which that heat is has- 
tened out it. All these conditions go to de- 
termine the character which cast iron or 
cast steel assumes. In casting iron in 
moulds, where hardness is wanted, some 
method is adopted so as to carry the heat out 


rapidly, and where softness is required, means 
are taken to allow the heat to go out slowly, 
and it does not much matter what the method 


is so long as it is effectual. The hardness 
of steel depends upon the quantity of car- 
bon which it contains, and on the rate at 
which the heat has been carried out of it. 
After alluding at some length to the founder’s 
art, the lecturer proceeded to speak of the 
casting of a fly-wheel, pointing out that the 
only thing which would preserve such a 
casting intact whilst cooling was to take care 
that every part should cool at the same rate. 
The arms, being least in substance, would 
naturally cool first, but they must be kept | 
hot by covering them with fire or by any 
other convenient means. If we require a 
particularly good casting, it must be cooled 
slowly. 

Many of the difficulties of the caster 
would be got rid of if we could prevent the 
formation of the gas within the mould. The 
Americans are very much more careful in 
this respect than we are, and this is the ex- 
planation of their cast-iron guns standing 
so well. Mr. Babbitt uses old firebricks, 
which after, say ten years’ service, have not 
changed color ; any firebricks at all discolor- 
ed he rejects. He grinds these toa powder, 





and thus gets a perfectly pure and refractory 
material for his molds, using pipeclay, the 
best material for the purpose, to render it 
adhesive. The mold is first made red-hot, 
and this red-hot mold then receives the metal. 
Not a particle of gas is generated by the 
mold. Another American founder, Mr. 
Hains, uses kaolin, which he obtains from 
England (Devonshire), and treats it in a 
similar way to that in which Mr. Babbitt 
treats his powdered firebricks and pipeclay. 
To show the earnestness of our American 
competitors—and we shall have them as 
competitors—they resort to the method of 
of taking the heat out of the castings in the 
way which would be least injurious to them. 
They try to establish the conditions of a 
built-up gun in a cast-iron one, to have 
every atom of the gun under tension. We 
English, as a people, must pay the same at- 
tention to natural laws as the Americans 
and the French are doing. 


ELECTRICITY AS A MOTIVE POWER. 


From the ‘‘ American Journal of Mining.’ 


Some time ago we touched lightly on this 
subject in an article entitled: ‘Electricity 
and Steam.” We pointed out how much 
more expensive the former is than the latter, 
for the simple reason that the source of the 
first power is zine, a preduct of art, and of 
the latter coal, a product of nature, also that 
if we add to the difference in price, the dif- 
ference in the chemical equivalent which 
makes six pounds of coal as effective as 64 
pounds of zinc, we obtain as a result that 
zine will be more than 100 times more ex- 
pensive than coal. But the difference in 
coal is practically even more than this. For 
the oxidation of the zine acids are needed, 
also products of art, and for the oxidation of 
the coal or carbon common air, a product of 
nature, literally costing nothing at all. Now, 
as there is no reason whatever to suppose 
that electric engines are more perfect than 
our best steam engines, with all the modern 
improvements, for the reason that our ex- 
perience in manufacturing electric engines is 
very small, and in the steam engines very 
great, we may confidently assert that the 
continual running of an electric engine for 
practical purposes would at the present day 
cost a thousand times more than the amount 
incurred by a steam engine, so that the 
amount of power obtained from the first, at 
a cost of ten dollars, would be obtained from 
the last at a cost of only one cent. 
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Notwithstanding this, we see from time to 
time inventors—who, by the way, are often 
apt to forget what should be the final ques- 
tion in regard to all enterprises ; will it pay ? 
—basing their experiments upon our present 
highly expensive sources of electricity, and 
contriving new combinations of currents and 
magnets, hoping by some scientific hocus- 
pocus combination to obtain a miraculous 
effect. Some twenty years ago there was a 
large electric engine mania among inventors, 
just as there is at the present day in regard 
to ice and cooling machines. Scarcely a 
month or even a week passed that some new 
combination of electro-magnets of peculiar 
form, was not exhibited, usually patented, as 
each inventor supposed his combination to 
possess such superior advantages to outdo all 
competitors in that line ; often, however, the 
peculiarity insisted upon by the inventor, as 
a great advantage, turned out to be a defect, 
and the machine would perhaps scarcely go 
at all. We remember in this connection 
some machines remarkable for the total want 
of theoretical knowledge shown by the in- 
ventors. One of them had enormously elon- 


gated pole ends at the electro-magnets, the 
inventor erroneously supposing that their 
large surfaces of iron would exert great at- 


traction, and not knowing that such elongat- 
ed poles acted like attached keepers, absorb- 
ing almost all the attractive power developed 
by the coils; however, the machine was 
made on a large scale, at the expense of 
several thousand dollars, and when finished, 
showed much less power than the simple 
machine—in fact, it scarcely moved at all. 

In order that the uninitiated reader may 
fully understand all this, and what is to fol- 
low, it is only necessary to state, that when 
a piece of soft iron is surrounded by a coil 
of insulated copper wire, and an electric 
current passed through this wire, the iron 
will become a strong magnet, and lose its 
magnetism at once when the current is in- 
terrupted. All that is necessary, therefore, 
to cause intermittent attractions is an inter- 
mittent contact with the electric battery, and 
these attractions will cause to-and-fro mo- 
tions, which by means of a crank may be 
changed into rotary motion ; or the inter- 
mittent magnets may be placed on the cir- 
cumference of a wheel, and attract similar 
other magnets, or as many pieces of iron ; the 
contacts with the battery being made and 
broken, by means of some automatic arrang- 
a worked by the motion of the machine 
itself. 








Numbers of such contrivances have been 
made, and may be seen in every physical 
cabinet ; but in fact they are in a physical 
point of view mere illustrations, of the pro- 
perties of electro-magnets. When considered 
ina mechanical point of view, they are mere 
toys; and in reality there never was a machine 
of this kind yet constructed, even on a large 
scale, which was in reality more than a toy. 

But not only these so-called electro- 
magnets will attract one another, or attract 
iron, but the currents themselves will attract 
each other when running in the same direc- 
tion, and repel one another when running in 
opposite directions. 

This was discovered by Ampere in France, 
some 40 years ago, and has given rise to a 
new branch of physics, called electro-dy- 
namics. It was first applied to moving ma- 
chines by Mr. Vergnes, from France, living 
in New York City, who had made the 
study of electricity a speciality, and, in the 
ambition of his inventive genius, again over- 
looking the great ultimate question as to 
cost, constructed the largest electric motive 
engine perhaps ever made. It was repeat- 
edly on exhibition, and was shown in the 
Crystal Palace, New York, at the world’s 
fair in 1852. It worked admirably, and 
with seemingly considerable power, which, 
however, never was measured. It isa curious 
fact that in any machine of this kind the in- 
ventors always oppose most strenuously any 
such measurement. The battery used was 
enormous, many hundreds of cups and car- 
boys of acids being in operation, so that the 
expense must have been ruinous. 

In this machine Mr. Vergnes had wisely 
combined the attraction of the iron of the 
electro-magnets, with the attraction and re- 
pulsion of the currents themselves, accord- 
ing to Ampere’s discovery ; for the reason 
that the attraction of the currents, or rather 
of the wires conducting the currents, is com- 
paratively very weak, so that quite a strong 
battery is required to demonstrate this at- 
traction at all, while the attraction of electro- 
magnets will manifest itself most strikingly 
with a battery of one-hundredth part of the 
size of that required to cause the mere cur- 
rents to attract each other. This fact is 
well known to every one who has ever ex- 
perimented with voltaic batteries, currents, 
ete. 

Taking all this into consideration, we can- 
not disguise our great surprise, that the 
newspapers should this week contain a glow- 
ing description of a so-called newly-invented 
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electro-motive engine of M. Griel, a French 
military officer, based on the action of cur- 
ents on currents ; asserting that all inventors 
thus far had confined themselves to the use 
of electro-magnets, and that here for the 
first time the laws of dynamical electricity 
have been brought into play. 

Now the fact is, that if not in all, at least 
in most philosophical collections, there are 
pieces of apparatus, in which, on a small 
scale, this principle is illustrated, and 
Vergnes, mentioned before, has, with many 
others, put this principle in practice, but 
found that when discarding the use of elec- 
tro-magnets entirely, the most advantageous 
effects were lost. No doubt Mr. Griel’s 
machine would be stronger if advantage were 
taken of the powerful magnetic action ac- 
quired by soft iron under the influence of 
electric currents, in place of confining the 
power to the comparatively weak attraction 
and repulsion produced on the pure electro- 
dynamic principle. 

The battery described for driving this 
machine is identical with Bunsen’s, namely 
amalgamated zinc, diluted sulphuric acid, 
porous cups, strong nitric acid and coke. It 


appears to be of enormous dimensions, and 


of course correspondingly enormous expense. 
The most curious thing, however, is the 
calculation of Mr. Griel, by which he at- 
tempts to prove that when using steam the 
expense increases in direct ratio of the horse- 
power obtained, and that when using his 
machine, it will only increase somewhat as 
the cube-root of the power obtained, as 
shown in the following table given by him: 
Horse-power Expense— * 
obtained. Steam. 

2 oe os 

16 $8 $2 

64 16 3 

125 


250 5 
2,000 1,000 10 


and conceding that for two horse power ele- 
tricity costs 25 times more than steam, when 
using 250 horse power it becomes equal, and 
for 2,000 horse power it will be four times 
as cheap. 

Now, the fact is that electricity, in the 
way he obtains it, is not only 25 times, but 
1,000 times more expensive than steam, and 
that the calculation of relative reduction of 
expense for greater power is entirely false 
and erroneous. 

To crown all, he states that he can apply 
his machine to railroads, and by means of an 
electro-magnet of his invention (most wonder- 


Electricity. 





ful) cause the electricity to wash from the 
wheels of the machine upon the rails, and 
proposes to ascend any grade with the great- 
est facility. 

It is now several years since M. Nickles, 
of France, who, we regret to say is recently 
deceased, proposed to accomplish the same 
thing by similar means, and about six 
years ago the same idea was again revived 
by an American inventor, who tried to pre- 
vent the slipping of the driving wheels on 
the rails by exactly this plan, making that 
part of the wheel which touched the rail a 
temporary electro-magnet. It was tried, at 
great and prolonged labor and expense, but 
given up as totally impracticable. One 
French inventor goes even further, and ap- 
pears to have: the intention of also driving 
the cars forward by his machine. 

It is matter for surprise, that the editors 
and reporters of our public press, otherwise 
so well informed in matters political, religi- 
ous and otherwise, are so little posted on 
scientific matters, as continually to be 
deceived by the pretentious claims of inven- 
tors. True men of science tco often meet 
with cold contempt, while charlatans and 
deluded enthusiasts are received with almost 
superstitious credulity. 


TORPEDOES. 


From the ** Pall Mall Gazette.’? 


The strides which have been made within 
the last ten or fifteen years in the application 
of science to warlike purposes are nowhere 
more marked than in the use of electricity 
as a military agent. It is applied to mili- 
tary telegraphy, to signalling and reconnoi- 
tering purposes, to the determination of the 
ballastic powers of guns, to many naval uses, 
such as signalling and the simultaneous dis- 
charge of broadsides; to various experi- 
mental purposes, including the proof of guns ; 
last, but not least, to the explosion of land 
and submarine mines. The history of the 
subject and its most recent phases were 
treated a few nights ago at the Royal Insti- 
tution by the gentleman to whom above all 
others we are indebted for the development 
of this special branch of application of the 
science. The interest of Professor Abel’s 
excellent lecture centered, however, in his 
account of what has been done in this coun- 
try towards the establishment of a system of 
torpedo defence. It was the first authorita- 
tive utterance on the subject which has yet 
been heard, and the immense importance of 
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the question, combined with the secrecy in | have been removed at the last moment, they 
which it has thus far been shrouded, suggest | generally, for very good reasons of their 
the desirability of taking advantage of the | own, neglected to remove it, and the torpe- 
occasion to say a few words about it. |does in consequence proved absolutely in- 

Torpedoes form the most important class | nocuous. Again, the removal of the torpedo 
of those marine obstructions which are now | is frequently a source of danger, and several 
generally admitted to be indispensable to | instances have recently occurred in America 
effective coast and river defense. They are|of loss of life under these cireumstances. 
the active as contradistinguished from the | Nevertheless, mechanical torpedoes will pro- 
passive obstructions. The importance of) bably always possess a certain value, as on 
obstructing roadsteads, rivers, and harbors | remote foreign stations, where the means of 
—of placing, so to speak, an outer belt or | defense have to be extemporized on an emer- 
circle of defenses, external to the chain of | gency, or for what are called “ drifting”’ or 
forts, and even where no forts existed—has | movable torpedoes. This abortive employ- 
long been understood. It would be difficult ment of torpedoes in the Russian war of 
to assign a date to the first employment of 1854-5 marks the first systematic use of the 
rude appliances of some sort for effecting | instrument in European warfare on a large 
this object; even submarine mines, which|scale. In 1855 electrical torpedoes were 
are a more advanced type of defense than | attempted; and by 1859 the Austrian Go- 
piles and artificial barriers and fire ships, | vernment had succeeded, with the assistance 
were used as far back as the sixteenth cen-|of Baron von Ebner, in perfecting a suff- 
tury, when they were employed, in 1583, by | ciently simple and practical system of elec- 
the Duke of Parma at the siege of Antwerp. | trical torpedo defense, which was applied, 
The English used them against the French | although without results, at Venice. Until 
ships off Rochelle in 1628, and during the/lately the Austrians may be said to have 
long lapse of years between 1628 and 1854, | headed the science, and their exhibition of 
the subject was never wholly lost sight of.|a complete system of torpedo defense form- 
Always there were men with contrivances | ed an interesting part of the display at Paris 
more or less ingenious, more or less impractic-|in 1867. No really important illustration 
able, ready when the opportunity offered to | of the great value of torpedoes was furnished 
revolutionize with their torpedoes the art of until the late American war, when these 
coast defense. But science was during that | agents were employed in many forms, chiefly 
time in its infaney. The torpedoes in oceasion- | by the Confederates, and with remarkable 
al use prior to 1854 were rude and imperfect, | results. No less than twenty-five vessels of 
and the development of the subject was|the Federal navy were destroyed and nine 


cramped by the absence of sufficient know- | 
ledge or study to enable electricity to be | 
usefully employed as the agent of ignition. | 
Thus the first torpedoes were of the mechan- 
ically exploding class. All sorts of plans 
were devised and all sorts of agents were | 
employed—percussive, frictional, chemical, 
and clockwork. It is evident, however, that 
mechanical torpedoes can never be altogeth- | 
er satisfactory. They are open to one sa- 
lient objection, viz, that once in position and 
ready for action they close the navigation 
alike to friend and foe, and there is always 
a certain. amount of danger attending their 
manipulation. These evils have been at- 
tempted to be mitigated by various safety 
arrangements, so-called, the application or 
the removal of which, however, as often as 
not proves so dangerous as to furnish a for- 
midable objection to their employment. 
Thus, when the Russians employed, for the 
defense of Cronstadt, mechanical torpedoes 
with a safety arrangement, which should 





others were injured by the explosion of tor- 
pedoes; and thus an impetus was given to 
the subject, similar to that which breech- 
loading derived from the Bohemian cam- 
paign of 1866. If any one wishes to study 
the detailed application of torpedoes during 
the American war, he can hardly do better 
than consult Von Scheliha’s Treatise on 
Coast Defense, where also he will find the 
following important deductions from the ex- 
perience obtained during this contest: ‘‘ No 
forts now built can keep out a large fleet un- 
less the channel is obstructed.” ‘ No fleet 
can force a passage if kept under fire by ob- 
structions.” ‘In no single instance did a 
naval attack succeed when the channel had 
been obstructed, and in no single instance did 
it fail when the channel had remained open.” 

The attention of our Government was di- 
rected to the subject towards the close of 
1863, when a committee was appointed, at 
the suggestion of Colonel Jervois, R.E., for 
the thorough practical investigation of the 
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whole question of marine obstructive de-|/on shore. The latter system, which admits 
fense. From that time until the latter part | of many modifications, is probably the more 
of last year, the committee was actively en-| simple; but it imposes the necessity for 
gaged in an experimental inquiry, and the great vigilance, promptness, experience and 
result has been the compilation of a report harmonious co-operation on the part of the 
which is likely to prove the most complete | operators. It is also inapplicable at night 
and exhaustive treatise on the subject yet | or in thick weather, and might even fail 
produced. Hitherto the report has been | under the dense smoke of a hot action. A 
treated as confidential, and it is, no doubt, | more generally efficient plan is that of con- 
desirable that the details of the committee’s | tact-exploding torpedoes, which are either 
recommendations should remain secret. But | exploded by their collision with a ship, or 
no objection can be urged against the pro-| by the vessel striking a circuit-closing ar- 
duction of so much of the report as would | rangement moored near the surface of the 
inform the public in general terms of the suc- water, whereupon either the torpedo, moored 
cessful termination of the committee's labors, at some depth beneath, is instantly exploded, 
and of the broad results purchased at a not | or a signal is furnished to a station on shore, 


. . s i. | . * . ° 
inconsiderable expenditure of time and mo- | which indicates to an operator the particular 


ney. It would be satisfactory to have some 
definite and authoritative assurance that the 


national interests have not been neglected in| 


this vital question of defense, as well as an 
assurance that the recommendations of the 
committee will be duly and practically ac- 
cepted. We observe that the very inade- 


quate sum of £2,000 has been taken in this 
year’s estimates for the provision of torpedo 
equipments, and for further inquiry and in- 
struction. The gunnery ships of Portsmouth 


and Plymouth, and the Engineer’s School at 
Chatham, now regularly include the use and 
management of torpedoes in their course of 
instruction. 

To return to the torpedoes themselves. 
We have stated that mechanical torpedoes, 
however occasionally useful, are necessarily 
imperfect and, to a great extent, dangerous 
appliances. The advantages which attach 
to the application of electricity to the explo- 
sion of torpedoes are great and manifest. 
Torpedoes of this class may be placed in 
position with absolute safety to the operators ; 
they may be rendered active or passive at 
any moment, as desired; they thus do not 
close to friendly vessels the channels which 
they guard; they can be stationed at any 
depth beneath the surface ; their action is 
generally very much more certain than that 
of a mechanical torpedo; and they can be 
removed with perfect safety. As in the case 
of torpedoes of the mechanical class, the 
arrangements for securing action may be 
almost infinitely varied. Frictional, vol- 
taic, dynamo-electric or magnetic electricity 
may be employed, each possessing specific 
advantages or objections; and the circuit 
which determines the explosion may either 
be completed by the contact of a passing 
vessel or at the right moment by an operator 


| torpedo to be fired, and when to fire it. It 
is essential in this arrangement to adopt a 
plan which, while sensitive to the passage of 
a vessel, shall not be disturbed by the sim- 
ple action of the waves. These conditions 
include the necessity for simplicity of me- 
chanism and a combination of sufficient but 
not excessive delicacy of action, with perma- 
nence during long immersion; but the pro- 
blem, though difficult, is not insoluble, and 
one or two plans have been suggested which 
appear to satisfy the required ends. It seems 
to have been established that voltaic elec- 
tricity is, of all the means available for the 
purpose, the one which presents the greatest 
advantages. And the substitution for the 
old platinum wire fuze, of the Abel fuze, in 
which the electric spark is generated by the 
interrupted passage of the current through a 
priming material of subsulphide of copper, 
subphosphide of copper, and chlorate of 
potassa, permits of the use of electric batte- 
ries which were before inapplicable, and of 
the explosion of torpedoes with perfect cer- 
tainty at distances before unattainable. In- 
deed, the introduction of this fuze has ren- 
dered possible the development of torpedo 
science which has now been attained. The 
batteries may be of the simplest character, 
and a very efficient one can be readily ex- 
temporized with a piece of hard timber, a 
little zine and copper sheet, an old blanket, 
some vinegar and common salt. <A battery 
of this sort, weighing only 25 lbs. and about 
73 in. square, will remain in good action for 
at least twenty-four hours, and can be easily 
cleaned and recharged. Such a battery, 
from its small size, weight, and great sim- 
plicity, is especially well adapted for boat 
operations. 


The explosive agent to be employed in 
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torpedoes may be gunpowder, nitro-glycerine, 

or gun-cotton. Of these, gun-cotton is on 

many accounts preferred ; and since the re- 

cent discoveries as to the susceptibility of, 
gun-cotton to explosion by concussive effect, 

and the great resulting increase of power, its 

normal advantages have become more decid- 

ed. There still remain a vast number of 
points, such as the nature of case or enve- 

lope to be employed; its thickness; the 

depth to which the torpedo should be sunk ; 

the positions in which it should be fixed ; 

the proximity of one torpedo to another ; the | 
the size, form, &c. The bare enumeration 

of these points will suffice to indicate that 

the subject is one which admits of an im-| 
mense deal of working out, and will, perhaps, 
account for the length of time occupied in its | 
investigation. 

As to the practical value of torpedoes we | 
have furnished some illustrations. But, in 
truth, it is unnecessary to multiply illustra- 
tions, for the value of these instruments may 
almost be regarded as self-evident. There 
are two points in every ship absolutely un- | 
protected—the deck and the bottom. Of 
these the torpedo attacks one—the bottom. | 
And it is a question if any ship can ever be | 
made so strong as to resist the effect of a, 


powerful submarine mine exploding directly | 
under it. The use of torpedoes is not limited | 
to serving as auxiliaries to forts, or as a/ 
means of keeping vessels under the fire of | 


batteries. They are useful also on their | 
own account, as a means of defending posi- 
tions independently on a coast or in small 
channels and rivers which are quite unpro- 
vided with defensive works. Their invisi- | 
bility forms another element of their im- 
portance, to which we may add their com- | 
paratively small cost and ready applicability | 
to almost all positions. But it is necessary 
to guard against the impression that torpe- 
does are destined to supersede other and | 
more old established means of defense, as 
ships and forts and guns. Invaluable as 
auxiliaries, and even as independent means | 
of defense, their value is limited by two/| 
considerations. In the first place, the sphere 
of action of a torpedo is small ; as compared 
with that of a fort or ship, exceedingly small ; 
and an attacking vessel is safe as long as it 
contrives or chances to keep outside that 
area of destructive effect. In the second 
place, no torpedo can act more than once, 
and when it has exploded, the area of water 
which it guarded becomes defenseless. But 
with these limitations, their value can hardly 





be over-estimated ; and it is satisfactory to 
know that the subject has been thoroughly 
and practically considered, and that we 
possess on paper at any rate a scheme for 
their use so complete as to relieve us from all 
anxiety on this score. It would, however, 
be more satisfactory still to know something 
definite as to the recommendations of the 
committee, and we hope that some member 
will think proper to ask in the House for 
such portions of the report as can be dis- 
creetly made public. 


THE STABILITY OF FLOATING DOCKS. 


From a paper on the Iron Floating Dock of Cartha- 
gena, its proportions and relative stability, read 
by GeorGe B. Rennik, M.I.C.E., before the Insti- 
tution of Naval Architects. 


The form of this dock may be briefly de- 
scribed as an oblong rectangular box or 


| trough, without a top or ends, the walls and 


bottoms of which are hollow, and divided 
into several independent chambers. The 
vessel to be docked is placed between the 
side walls, and is raised completely out of 
the water by the buoyancy of the bottom of 
the dock. The side walls act as floats to 
prevent the dock sinking too rapidly, and 
eventually from being entirely submerged. 

The operation is performed in this way, 
water is allowed to flow into the different 
compartments forming the base, by means 
of sluices, and distributing pipes ; the dock 


then gradually sinks, until the buoyancy of 


the chambers, forming the side walls, be- 


‘comes equal to the weight of the entire 


structure ; that is, when it is desired to sink 


| the dock to its greatest depth for the pur- 


pose of taking in the deepest draught ship 
the dock is intended for, for vessels of less 


draught it is only allowed to sink to a depth 
| sufficient for the particular vessel. 


The 
vessel is then hauled in between the walls, 
and the engines and pumps of the dock set 
to work to discharge the water from the 
bottom or base; when empty, it is capable 
of sustaining a weight of ship (less the 
weight of the dock), equal to the total dis- 
placement of the bottom or base. The 
vessel is shored up in the usual manner 
adopted in the ordinary graving dock. 

The dock is entirely of iron, with the 
exception of the decks, shoring steps or 
altars and fenders, which are of timber. It 
is strengthened both longitudinally and 
transversely by bulkheads, which form the 
divisions of the chambers, as well as by in- 
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termediate lattice framing, which give the 
structure great stiffness. 
The dock for Carthagena was commenced | 
in 1859, sent out in pieces from England, 
and erected at Carthagena in a shallow basin 
prepared for the purpose, and when com- 
pleted water was let into the basin and the 
dock floated out. When first floated, it was 
found to have an uniform draught of water 
of 4 ft. 7 in.; this gives a total displace- 
ment of 4,400 tons of sea water, which is 
equal to the weight of the dock complete. 
Some of the largest vessels which it has | 
raised are the frigate Princessa de Austu- | 
rias, of 3,810 tons, and 21 ft. draught of 
water, the frigate Villa de Madrid, of 27 
ft. 6 in. draught, weight unknown, the iron- 
clad Sarragoza, of 4,972 tons, and 25 feet 
draught, and the ironclad ship Numancia, 
of 5,600 tons weight, and 24 ft. 1 inch 
draught, this latter vessel remained sup- 
ported for eighty days, without causing any 
damage to or undue straining of the dock. 
The weight of this ship was further tested 
by the depth of flotation of the dock as| 
observed with the ship on it; this was as-| 
certained to be 11 ft. 3 in., giving a total 
displacement of 10,800 tons of sea water ; 
but on examination of the different cham- 








bers it was found that there was about 74) 


in. depth of water in the lower ones and 7} 
in. in the middle ones, equivalent to 800) 
tons weight; this added to the weight of! 
the docks, 4,400 tons, gives 5,200 tons, | 
leaving 5,600 tons as the weight of the ship. | 
The dimensions of the Numancia, the largest 
of the above named vessels, are as follows: 
length (perpendicular), 316 ft.; extreme | 
breadth, 57 ft.; displacement at load draught, | 
7,420 tons. 

The dimensions of the dock are as follows; 
length, 320 ft.; breadth outside, 105 ft.; 
ditto inside, 79 ft.; height outside, 48 ft.; 
ditto inside, 36 ft. 6 in. 


If the few inches of water remaining in | 


the base and middle chambers were entirely 
removed, the draught of water of the Car- 
thagena Dock, with such a vessel as the 
Numancia, of 5,600 tons weight, would be 
10 ft. 6 in. 

The main proportions of the dock are as 
follows ; the length is between 3 and 3} 
times the breadth. The width between the 
walls at the top is ? of the breadth. The 
floor of the dock is 4 the breadth. The 
height of the side walls is somewhat under 
4 the breadth. The depth of immersion 





1-10th of the breadth. These proportions 


are suitable for almost all sizes of floating 
docks of the rectangular form. Thus, sup- 
posing a dock to be made capable of lifting 
and sustaining a vessel like the Achilles, of 
say 10,000 tons weight. the breadth would 
be 120 ft., the length 400 ft., the width in- 
side 90 ft., the ‘‘ floor’’ 60 ft. in width, and 
the immersion 12 ft.; total displacement 
16,457 tons. 

In calculating the height of the metacen- 
ter, or the greatest height the weights may 
be raised above the center of displacement 
of the immersed body at an angle of incli- 
nation, say of 10 deg.; and taking the dis- 
tance between the centers of gravity of the 
immersed and emersed portions due to the 
inclination at two-thirds the total breadth, 
and multiplying by the portion immersed, 
and dividing by the total volume immersed 
into the sine of the angle of inclination, it 
will give 90.75 ft. for the distance of meta- 
center from the center of gravity of the 
volume immersed, or 85.5 ft. above the line 
of flotation for the Carthagena dock, where- 
as the center of gravity of the entire struc- 
ture and ship is calculated to be only 18 ft. 
above the line of flotation, allowing for a 
ship of 26 ft. 6 in. draught of water on keel 
blocks 4 feet in height. 

In the dock proposed, the metacenter, is 


| 101.5 ft. above the center of gravity of dis- 


placement, or 95.5 ft. above the line of flo- 
tation, and the centre of gravity of the dock 
with the Achilles, is calculated to be only 
19 ft. 3 in. above the line of flotation. 

In calculating the amount of statical sta- 
bility of the dock at Carthagena with an 
immersion due to the weight of such a vessel 
as the Numancia, of 5,6U0 tons, it is found 
that supposing the inclination to be 10 deg., 
that the moment of stability will be 360 
when reduced to feet and tons per foot in 
length of the dock, or a total of 118,080 
tons for 320 ft.; and the dock proposed 
would have a moment of stability of 549.2 
when reduced to feet and tons per foot in 
length, or a total of 219,680 tons for 
400 ft. This is nearly as the cube of the 
breadth, and directly as the length. 

Comparing this latter with a dock of a 
U-shaped section, with water ballast, like 
that actually made for Bermuda, as calcu- 
lated from a lithographic drawing, giving 
the particulars of this dock, it is found that 
the moment of stability equals 660 foot-tons 
per foot in length, or for the length of 333 ft., 
a total of 219,780 ft.-tons, or about the same 
as the one proposed, of a rectangular form. 
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A further comparison of the dimensions, 
weight of ship to be docked, height of meta- 
center of these two forms of docks, may not 
be without interest: 


U-shaped Rectangular 


Section. Section. 

Available length of dock 

for the largest ship.... 333 ft. 400 ft. 
Extreme outside breadth.. 123 ft. 9in. 120 ft. 
Extreme inside breadth... 85 ft. 90 ft. 
Breadth of ‘floor’? : 50 ft. 60 ft. 
Draught of water wit 

heaviest ship. ..... 40 ft. 12 ft. 
Area of immersed sectio: 

ditto..... 
Greatest weight of ship 

capable of being docked 
Weight of dock....... 
Center of displacement 

below line of flotation. 
Distance of metacenter 

from center of dis-* 

placement \ 
Distance of center of 

gravity from center of 

displacement ...++.... 
Centre of gravity above or? 13 ft. 3 in. 

below line of flotation. § below. 
Moment of stability per 

ish to enatnet thes. f 660 tons. 
Total for whole length of 

dock ...-+.. ° 
Draught of wat 


in a ship of 26 | 50 ft. 45 ft. 


4,000 sq. ft. 1,440 tons. 


, 8,000 tons. 10,000 tons. 
8,350 tons. 6,475 tons. 
18 ft. 6 ft. 


38ft.6in. 101 ft.6in. 


5 ft. 25.3 ft. 


19 ft. above. 


549.2 tons. 
219,780tons. 219,680 tons. 


draught with keel blocks 
4 feet in length. ...... 


From the above comparison, it will be 
seen that a dock of rectangular form of the 
same proportion as that of Carthagena, will 
have the same total stability as the YJ form 
of dock, require about one-fifth less material 
for its construction, and be capable of sup- 
porting a longer ship of one-quarter greater 
weight, and with less draught of water. 
Moreover, the arrangements for docking are 
less complicated ; for when the ship is once 
on the keel blocks, pumping is the only 
operation to be performed, as there are 
neither gates nor caissons to close in the 
ends. 

To represent the relative stability of dif- 
ferent forms of section in a clear and sim- 
ple manner (although not so accurately as 
may be found geometrically or mathemati- 
cally), the following table is compiled from 
experiments on different sections made of 
thin copper, to a scale of 10 ft. to the inch. 
The models were all 9in. long; the leverage 
was taken at 8 in. from the central line of 
the model. 

The lead weights representing the ship 
were cylindrical, and supported on their axis, 
at a distance representing the height of the 
center of gravity of the ship, above the floor 
of the dock of 27 ft. 6 in. 





In the table, A and B represent sections 
of docks, of the form proposed and that 
actually executed. It will be seen on com- 
paring the inclination of these two forms 
with the same weight and leverage, that B, 
the UJ shape, gives greater stability per unit 
of length than A the —— shape, but as the 
model (J was made by mistake to represent 
127 ft. 6 in. in breadth instead of 123 ft. 9 
in., the relative stability as shown by the 
angle of inclination is somewhat greater than 
calculation indicates. 

The model C shows how the stability of 
the same form of section may be increased, 
by the addition of water ballast at the bot- 
tom. 

The model D, segmental form, may, with 
the addition of water ballast, have nearly a 
stability equivalent to the form A. 

The model E represents the Carthagena 
dock, with its angles of inclination, and 
with the same weight and leverage as the 
other models. 

Although it may be seen from this that 
other forms may have a stability equivalent 
to that of the rectangular or flat form, it can 
only be done by the addition of « consider- 
able amount of water ballast, which so in- 
creases the draught of the dock as to neces- 
sitate the ends being closed in. 

The Carthagena dock, as before mention- 
ed, was sent out from this country in picces, 
and erected in ashallow basin made for that 
purpose, at Carthagena; this on the whole 
(when practicable) seems the most safe and 
simple plan, and the basin is moreover avail- 
able when required for taking in the floating 
dock for the purpose of cleaning, painting, 
or repairing. 

Wooden floating docks of somewhat similar 
section to that of Carthagena have been 
towed to their place of destination, as was 
the Pola dock, from Venice, the Havanna 
dock, from New Orleans, and more recently, 
that of Alexandria, from the south of 
France, but the square ends of this form are 
no doubt ill adapted for being towed through 
the water. 

In order to meet this difficulty, when it 
was contemplated to tow a dock across the 
Atlantic, a modified arrangement of the 
rectangular form was proposed by Messrs. 
Rennie, better adapted for being towed 
through the water. The side walls were to 
be reduced to about two-thirds of the length 
of the floor of the dock, the rectangular ends 
of the floor to have been rounded off so as 
to form pointed ends, upon which temporary 
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sides were to be raised to the required 
height, in order that the dock might be 
decked over from end to end; this deck, 
together with the temporary sides, would 
have to be removed on arrival at its desti- 
nation. 

Considering the length of the voyage, it 
was thought that the empty space below the 
deck might be available for the stowage of 
coals and other stores to supply (during the 
voyage, the steamers employed to tow the 
dock out. This form of dock would not 
have required a basin as at Carthagena, and 
the necessary repairs could have been 
effected by means of a rectangular iron box 
lowered under the dock, and placed against 
the defective part, and the water pumped 
out from within it. The joints between the 
box and the bottom of the dock being pre- 
viously made water-tight by means of an 





elastic substance, or the water kept out by 
a pressure of air, which, in this case, would 
not have exceeded 3 |b. per square inch. 

In conclusion, it is considered that float- 
ing docks of the form and proportions to 
that of Carthagena will have ample stability 
for the heaviest ship te be docked. 

That it is of the simplest construction. 

That the smallest amount of material for 
a given strength and stiffness will be used in 
its construction. 

That the cost will be less than for other 
forms of section. 

That the simplest docking arrangements 
and safety of the dock are best attained by 
that form. 

And lastly, that by the modification sug- 
gested in the paper,-they may be towed 
with comparative safety to any part of the 
world. 


A Table of Experiments on the Stability of different Sections of floating Docks, made on 
Copper Models. Scale of 10 ft.=1 1. 





| 


Weight representing 
ship in ounces. 


| 
| 
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Degree of inclination with weights, 
ata leverage of 8 in. 


| Height of center of 





loz. | 


gravity of ship from 
floor to scale in feet. 


scale in feet. 


2 oz. 


| Breadth of model to 
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THE CENTRAL RAIL SYSTEM. 


ABSTRACT OF REMARKS BEFORE THE SOCI- | 
ETY OF FRENCH CIVIL ENGINEERS. 


From the ‘*Compte Rendu des Séances.”? Translated | 
from ‘* Annales du Génie Civil.”’ 








Train 125 | Train 85 tons 
tons grade. grade. 


A 
a 





met. per hour. 
per hour. 


adhesion in tons. 


‘dete in kilo- 
Velocity in miles 
Supplementary 


| Millim. 
Millim. 


For some years the development of rail-| 
ways has gradually given rise to a new pro- | ~ 


blem for engineers, viz: the construction of} 20 2. . | 16.8} 88.7 
ines capable of overcoming heavy grades | 14 - | 28.8 | 41.3 | 218. . 
one P a 10 2} 30. | 50. | al be 0 | 0 369.6 

















without involving any considerable change | 
in the present systems of exploitation. At|——— - ——_!__ —_—— — 
first, inclined planes were used, up which) M. de cous ‘aie that for engines 
the trains were drawn by cables; then the | weighing 20 tons loaded, and 17.5 tons light, 

Engerth engines, and engines constructed | on a road 1.10 m. guage, a median rail will 
for the Northern railway, &c. ; latterly, the | be necessary for a train of 60 tons when the 
funicular system of M. Agudio, and finally, | grade exceeds 137.3 feet per mile; with a 
the Fell engine, working upon a central rail, supplementary adhesion equal to the weight 
as proposed by Baron Seguier. A similar | of the engine, grades of 322 ft. per mile are 
engine was discussed by M. de Landsée, be-| admissible ; and reducing speed to 6.2 miles 

fore the Society of Civil Engineers at their per hour, the inclination, with a maximum 
last session in November. He remarked adhesion, may be 369.6 ft. per mile. With 
that the experiment of crossing Mont Cenis | engines weighing but 10 tons, under the 
had been favorable to the central rail, which | foregoing conditions, the weight of the train 
permitted the ascent of grades hitherto un-| |may still be 30 tons on a grade of 369.6 ft, 

used in railways. The engines, through the | per mile. Since it results, from the experi- 
supplementary adhesion obtained by means . ‘ments of M. Forquenot, that the evaporat- 
of a group of horizontal wheels upon a me- ing power of engines depends upon the ra- 
dian rail, have a tractive force equal to at | pidity of exhausts, and therefore upon the 
least twice the weight of the engine. He | speed of the train, M. de Landste suggests 
has laid down the “principle, in the plan | the use of four cylinders, two to drive the 
which he has developed, that the engine for | vertical, and two the horizontal wheels ; 
the central rail should be able to operate | ‘thus attaining 8.884 exhausts per second for 
upon an ordinary road at certain points. an engine moving 12.4 miles per hour, with 
This condition seemed necessary to him in| ‘with wheels of .80 m. (2 ft. 8 in). In such 
order that its work may be done easily and | a case, the boiler, in the ascent of a grade 
conveniently. He accordingly supposes the | of 369.6 ft. per mile, will have but 87 sq. 

median rail to be absent at switches, on| meters of heating surface at a pressure ot 
bridges and at all parts of the road where 10 kilog. per sq. cent, with a back pressure 
the grade is easy enough to dispense with | of 1.50 kilog. per sq. cent. The two pairs of 
it. The locomotives should be adapted to ‘cylinders being independent of each other, 
ascend grades of 70 millimeters per meter | the engine can be run without using the hor- 
(369.6 feet per mile), with curves of 50 to/izontal wheels. The coupling of the exte- 
60 meters radius. The type of engine which | rior and interior wheels is effected by the 
seemed to him best suited to the case was | steam ; for this purpose the movement of 
that having four coupled wheels. The pro-| the valves is taken from the rear wheel and 
posed engine weighs 25,000 kilog. without | transmitted to the valves by means of two 
load, and 26,000 kilog. loaded (28 or 30 distinct levers. A relieving axle is common 
tons), each axle sustaining 13,400 kilog—a | to the two pairs of cylinders. The admission 
moderate load for steel rails. According to | ‘of steam to each pair is controlled by a spe- 
the tables of M. Vuillemin, this engine, on cial regulator, allowing the starting or stop- 
a horizontal track, could draw 400 tons, but | ping of the horizontal wheels while the ver- 
in a mountainous country such a load would | tical ones are in full motion. The grip of 
be excessive, the maximum being 130 tons, | the horizontal wheels is given by means of 
and M. de Landsée has calculated that for he lever at the command of the engineer, and 
trains of 125 and 85 tons, this engine can |a guage is provided which shows the amount 
ascend grades with the following velocities, of grip. The coupling is effected by means 
&e. : |of two small bevel gears. The real object 
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of the coupling is not so much to transmit a 
great effort, as to ensure uniform motion and 
the passing of centers—each pair of wheels 
being controlled by one cylinder. Owing 
to the practicability of dispensing with the 
supplementary adhesion, this engine may be 
classified with other types in use, and can 
travel on any road in actual operation. 

In answer to some remarks on the sub- 
ject, M. de Landsée observed, that a single 
distribution was employed merely for the 
purpose of simplifying the mechanism, but 
that nothing would prevent the use of sepa- 
arate distributions for each pair of cylinders. 


PASSENGER STEAMSHIPS. 


From ‘‘ Engineering.”? 


The gradual growth of science and experi- 
ence has been attended with the most strik- 
ing changes in the material, size, form, 
structure, machinery and working results of 
ocean passenger steamships. Where we had 
timber-built ships, all, or nearly all, are now 
built of iron; where the tonnage was once 
1,000 tons, or so, it is now three times as 
much, or even more. Where the lines were 
once full, and the beam wide in proportion 
to the length, we now see sharp, fine, fore- 
and-aft bodies, and lengths of from eight to 
ten, and even eleven times the beam. The 
hulls, even, when referring to iron ships only, 
have been greatly changed in structure; 
where only paddle engines were employed, 
screw engines are now almost universal; and 
where we once had but ten knots, we now 
have fourteen, with the same, if not an even 
less, consumption of fuel, although the dif- 
ference in propelling work done represents 
a difference even greater than that between 
the cubes of these speeds, or that between 
1,000 and 2,744. 

It may be questioned whether naval art 
has not advanced more rapidly than any other 
branch of structural and mechanical science, 
and evén admitting that it has, there still 
appears to be a wide field for its further pro- 
gress. There are many reasons why passen- 
ger steamships should undergo further 
changes as radical as those so well known to 
be going on in the navy, and it may happen, 
and that at no distant time, that masts, spars 
and sails will be dispensed with altogether, 
as indeed, for very fast steaming, they must 
be, inasmuch as, at high speeds, the point is 
soon reached where sails, instead of aiding, 
only retard the progress of a ship. 

Apart from questions of masting and rig- 





ging, it is possible also that a great change 
may take place in the size and form of pas- 
senger steamships. For the same displacement 
longer, wider and shallower ships seem de- 
sirable. It is not depth, or great draught 
of water, that is wanted in passenger vessels, 
but deck room, and, generally, open-space and 
light. These are the great requisites for ocean 
passenger traffic. For convenience of com- 
parison merely, we may suppose two vessels 
of rectangular form ; in other words, they 
shall be rectangular boxes. Each shall have 
a length equal to eight times the beam. Let 
one be 320 ft. long, 40 ft. beam, and draw 
20 ft. of water, thus displacing 7,314 tons, 
and presenting 27,200 square feet of bottom, 
side and end surface, or skin, under water. 
The area of immersed midship section would 
be 800 square feet. 

Another ship, having the same displace- 
ment, might be made 403 ft. long, 50.4 ft. 
wide, and 12.6 ft. deep. Its ‘ skin,” or un- 
der water surface, would be 31,752 sq. ft. 
in extent, but its midship section would be 
only 635 square feet in extent. Its deck 
area would be 20,320 square feet, or nearly 
half an acre, as against 12,800 square feet 
on the other and deeper vessel. This com- 
parison refers, for convenience only, to rec- 
tangular boxes, but in both cases the vessels 
are eight beams in length, and the same pro- 
portions of deck area, frictional surface, and 
midship section would hold good when these 
boxes were hewed to the forms of fast steam- 
ing ocean ships. In plan, the lines, except- 
ing only in scale, would bé identical in both, 
the difference being only in the transverse 
section. The longer and wider ship would 
have a greater superficial extent of hull and 
deck, and, consequently, a heavier hull, but, 
possibly, she might have one deck less than 
the shorter, narrower and deeper ship. The 
longer ship would also, perhaps, require ad- 
ditional stiffening to compensate for her 
shallowness, not so much with reference to 
her riding the waves, but for her strength in 
the event of taking the ground or going upon 
a rock. She would, in any case, be much 
the roomer and easier passenger ship, and it 
is a question whether she would not require 
less power to drive her. The elements of 
this question appear to be well within grasp. 

It has been the fashion among many naval 
architects of late years to attribute the 
greater portion of the resistances to vessels 
driven through the water to skin friction. 
Yet our two imaginary rectangular boxes, 
moving at 14 knots an hour, or 23.6 ft. per 
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second (and as for this matter they need only 
have a rectangular midship section), displace 
respectively 540 tons and 428 tons of water 
per second. This water must absolutely be 
moved out of the way, and the power ex- 
pended in putting it into motion varies ac- 
cording to the form of the ship, with the 
fineness of the lines at and below the water 


| be much more than compensated by its lesser 
‘midship section, requiring proportionately 
| less power to drive it (the lines being the same) 
‘at agiven speed. Which of the two vessels 
would be the roomier, lighter, and more airy, 
as well as drier and easier in a sea way, we 
need not stop to discuss, although the sub- 
|ject is one to which we shall return. 


level. All ships must displace their own | 


weight of water in running from about one- 


half to three-quarters of their own length, | THE ESTHETICS OF CONSTRUCTION. 


according to the fineness of their lines. If) Froma paper read before the Liverpool Architectural 
the average velocity given to the water be | Society, by Mr. G. F. Deacon, C. E 
computed, as it may be, with some pains, at} The subject of this paper is the considera- 
each successive depth of, say, a foot of | tion of the conditions under which we are 
draught, the power expended on this work | pleasurably impressed by the presence, in 
alone may be readily calculated, and it will | our structures, of those natural laws with 
in all cases be found to form a very large, | which we have become familiar, in a greater 
or let us say the larger, portion of the total | degree perhaps than we are prepared to be- 
power actually and effectively exerted in| lieve, by the senses of sight and touch; and 
propulsion, this power being, on the average, | not of necessity by that higher mental power 
but about two-thirds of the indicated power which analyzes mathematically the action of 
of the engines. It is, of course, supposed | these‘laws. I only speak of the absence of 
that the ship is all the time in hydrostatic | mathematical analysis in the minds of those 
equilibrium at both ends, the water running | for whom we build, and do not by any means 
in at the stern and under the quarters exact- | suggest its exclusion from the minds of the 
ly as fast as it displaced at the bows—and | builders. I have always believed that the 
the mistake must not be made of supposing | distinction between the professions of the 
that the influent water compensates, in the | architect and the engineer is, or ought to be 
least degree, for the loss of power in forcing | g distinction rather of degree than of kind. 
aside the water infront. In this comparison, | We are both of us constructors. We must 
the longer, wider, and shallower ship, having | investigate in common the resistance of ma- 
but 635 square feet of midship section, | terials to the simple strains; those, for in- 
would have the advantage over the shorter, | stance, of compression, shearing, and ten- 
narrower, and deeper ship of 800 square feet | sion; and we must, to become masters of 
of midship section, the difference being in our subject, be conversant, though perhaps 
the exact ratio of the midship sections them- | jp a different degree, with the more complex 
selves. On the other hand, however, the | calculations arising from the combination of 
longer ship would have a wetted surface al-| such strains, either in the same piece of a 
most exactly one-sixth greater than the | structure, or in pieces depending for their 
shorter ship. Hydraulic friction is independ- | support upon one another. We must both 
ent of pressure or head of water, being the | of us consider, without prejudice, these ele- 
same per square foot at the same velocity at ments in the works of eminent men who 
all depths. Colonel Beaufoy found the skin have preceded us, not with a view to servile 
friction of each square foot of painted wood | imitation, but as a safe and well-tried foun- 
to be 1.3 Ib. at 13 knots an hour, and, ac- | dation upon which to erect original, and it 
cording to his experiments (although they | js to be hoped, better works of our own. 
were made some seventy years ago, and pos-| his cursory glance at the minimum 
sibly under circumstances of error of ob- | amount of scientific knowledge which it ap- 
servation), he found the friction to increase pears to me we ought to possess in common, 
im a proportion less than as the squares of suggests the consideration of that particular 
the velocities. Applied to the case of steam branch of esthetics included under the gene- 
vessels, it is demonstrable that skin friction, ya] term decoration, which is altogether in- 
except in very long, very fine, and very shal- dependent of construction, and which is ex- 
low vessels does not form the principal resist- cluded from the more immediate subject of 
ance tomotion. And in the cases of the two this paper. 

vessels already supposed, the somewhat ur scientific speculations, which are 
greater skin friction of the longer ship would themselves subservient to the adaptability 
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of the result to the end in view, having 
brought the design in which we are engaged 
to a certain point, we must, in carrying out 
our enterprise, and without in any way hid- 
ing the work produced by our reasoning 
faculties, exercise in a greater or less de- 
gree our imaginative faculties ; often for the 
purpose of adding pleasing outline or relief, 
always with a view to the development of 
that intrinsic beauty which, as I hope to 
show, is rarely absent from scientifically de- 
signed structures. 

Agreeable sensations arise in our minds 
from the contemplation of the beautiful in 
nature and the beautiful in art, from two 
distinctly different causes; the one depend- 
ing solely upon our appreciation of the ac- 
tion of the mechanical forces of nature, the 
other affecting our senses in virtue of cer- 
tain distributions of form, color, or light 
and shade, for which we can lay down but 
few rules, and those of a merely empirical 
nature. ; 

Take in your hand a frond of the common 
lady-fern. It has, for some reason, a most 
pleasing effect on the eye, and you call it 
beautiful. Paste the same frond on a sheet 


of paper in a vertical position, and to most 


minds more than half its beauty will have 
vanished. And why? On the first impulse 
one would be inclined to answer, ‘‘ because 
it formerly hung in a beautiful curve, and 
we have now rendered it rigid and straight;”’ 
but a little consideration will show the in- 
completeness of such a reply. The circle is 
a beautiful curve, so is the spiral, so is the 
cycloid; but the fern, when bent into any of 
these, will have but little more beauty than 
it had asa straight line. Only one curve 
will answer the purpose, and that is the 
curve into which it naturally falls, the curve 
in which the force of gravity is exactly 
balanced by the resistance of the stalk to 
flexure. 

Innumerable examples of a similar nature 
might be adduced, and I think they would 
one and all show, “that there is a pleasur- 
able effect produced upon the mind by forms 
resulting from, or balanced by, the direct 
action of the mechanical forces of nature, 
when those forces act in a manner which we 
apprehend intuitively, and are not compli- 
cated in their mode of producing their effect 
upon the senses by artifical means, or by the 
superimposition of one upon another.”” And 
this result is evidently altogether indepen- 
dent of the arrangement of the component 
parts—a division of the subject to which I 





have already alluded, as including all em- 
bellishments not necessary to those condi- 
tions of stability which the ordinary mind is 
capable of appreciating, but which may 
nevertheless be introduced to enhance the 
beauty of the structure. 

The first of these effects appears to have 
a peculiar interest for the engineer, as it is 
the basis of a great problem; namely, how 
he is to produce, in those works which are 
pre-eminently dependent for beauty, on their 
lines of construction, such forms as the mind 
will at once apprehend as curves natural to 
the conditions involved, and which it will 
not be slow to call beautiful; in short, such 
curves as are known by engineers as lines 
of equilibrium. The second, or decorative 
effect, it is the more immediate object of the 
artist to produce, and in all cases it should 
be subordinate and subsidiary to the first. 

For the purpose of illustrating my state- 
ments, or, I would rather say, as the best 
arguments that [ can adduce, I have col- 
lected engravings and photographs of a few 
of each type of designs for iron bridges 
executed or proposed ; and I have numbered 
these types, not according to their scientific 
classification, but rather as they produce a 
pleasing effect, or the reverse. 

Type 1. Box and plate girders. 

* 2. Lattice girders. 

‘* 3. Bowstring girders. 

“* 4. Arched ribs with braced span- 
drels. 

. Suspension-bridge with stiffening 

girders, 

“6. The continuous parabolic system. 

** 7. Simple suspension-bridge with 
vertical rods. 

If we consider for a moment the disagree- 
able impression produced upon us by the 
first of these types (and every Englishman 
has ample opportunities for considering it), 
we cannot fail to notice that it does not al- 
together arise from the monotonous oblong 
form, or even from the flat uninteresting 
face of the structure. Cover it with mold- 
ings and ornaments of cast iron—paint it in 
the best taste—decorate it as you will—you 
cannot redeem it from its uncompromising 
ugliness. And why? Because it appears 
to be out of place ; it is a form which seems 
to want some additional support; it is essen- 
tially deceptive. We cannot appreciate the 
beauty of construction, the principles of 
which we do not instinctively comprehend. 
In a limited sense those principles are cor- 
rect enough. In the molecular structure of 
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every straight beam there are curves of 
direct tension and compression, which clear 
up the mystery at once. The lines of com- 
pression are concave downwards, those of 
tension concave upwards. They cross each 
other in every case at right angles, and each 
cuts the neutral surface of the beam at an 
angle of 45°. 

Although the two halves are in all re- 
spects similar, there are not two points in 





the half elevation of the web and flanges, at | 
which the stress is at once the same in| 


amount and direction. Along each indivi- 
dual curve the stress varies from center to 


| 
| 
| 


as failures in an esthetic sense. Probably 
Mr. Baker’s towers at Runcorn, and the 
piers at Dirschau, are most in keeping with 
the works. The Gothic piers of the bridge 
at Kehl have a singular effect. Their ap- 
pearance is very striking, but they do not 
harmonize well with the long horizontal 
lines of the girder, or with its lattice bars 
arranged at angles of 45°. The proximity 
of Strasburg Cathedral, too, is not calculat- 
ed to impress one in favor of that puny cast 
iron architecture. 

The bowstring girder is our next type, 
and it includes all those in which the top or 


end, and every curve represents an amount | bottom flange, or each, consists of a seg- 
of stress differing from that of every other. | mental or parabolic rib, connected together 


Then what an infinitely complicated piece of | by diagonal lattice bars. 


workmanship we should have if we attempt- 
ed to vary the section of our wrought iron 
plates, in proportion to the duty that each 
point in their elevation has to perform. 
Practically we cannot do this. It is for the 
engineer to determine how far he can ap- 
proximate to the theoretical conditions in- 
volved, and thus save material without ne- 
’ eessitating more labor than the value of that 
material represents; and in most cases this 
can be done with great advantage. In small 
wrought iron girders we may, perhaps, by 
due attention to the principles of stress, save 
fifteen per cent of the material necessary in 
a girder of equal strength, but of uniform 
section, and that without adding to the la- 
bor in the least. This percentage, however, 
is but a fraction of the weight which theo- 
retical perfection represents as lost. 

This type, then, is essentially bad in re- 
spect of its response to the theoretical con- 
ditions of a minimum weight of material. 
Nevertheless, in small spans the economy of 
labor consequent on simplicity of construc- 
tion often compensates for this defect. 

Type second is the straight lattice girder ; 
and here the lines of stress are guided from 
their natural curves, and concentrated in 
the flanges and diagonals. This fact, how- 
ever, does not assist the mind in conceiving 
the mode of action of the beam, and I am 
inclined to think that all the superiority of 
appearance is to be traced to the decorative 
effect produced by the open lattice work, 
and the reduction of apparent weight. 
Among the best known bridges of this class 
are, in England, those at Crumlin and Run- 
corn, and on the Continent those over ! 


she 
Rhine, at Cologne, and at Kehl, near Stfas- | 





The best known 
of those which have both flanges curved are 
Brunel’s bridge at Saltash, and that over 
the Rhine at Mayence. All these structures 


| are, as regards the iron work, more natural 


than either of the preceding types, and we 
must accord to them the merit of giving us 
the first clear idea of the manner in which 
they do their work. We may not feel satis- 
fied with their appearance, but we must ad- 
mit that it is, or may be made, much supe- 
rior to that of either of the straight types. 

We now come to the arch, respecting 
which I shall say more hereafter, but assur- 
edly we cannot hesitate to assign to it, in 
our classification, a higher place than we 
would to those already mentioned. The 
mind at once perceives the natural and effi- 
cient manner in which it supports the load 
to which it is subject. 

Our fifth type is the suspension bridge, 
stiffened in such a manner by lattice work 
as to be capable of bearing, without undue 
vibration, heavy rolling loads. It is suffi- 
ciently obvious that the effect of the simple 
parabolic or catenarian curve is, in a great 
measure, marred by the proportions of the 
stiffening girder. 

In the late Paris Exhibition were exhi- 
bited two striking drawings, by Herr Carl 
von Ruppert, for bridges across the Bospho- 
rus, and.over one of the greatest chasms in 
the tertiary limestones of the Balkan. In 
carrying out the Austrian project of a rail- 
way to Asia Minor, it will be necessary to 
cross these places, and Von Ruppert has 
probably solved the difficulty in a very com- 
plete manner. It is well to mention that 
his investigations have been published, and 
they can leave no doubt in the mind of the 


burg, and that over the Vistula at Dirschau.| reader that the Austrian engineer has 
But one and all of these must be regarded | brought together principles already well 
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understood, with a boldness and originality 
resulting in a complete success. 

There is but one more, and that is the 
pure suspension bridge. We cannot im- 
improve upon that simple catenary. Its 
mode of action is apparent at a glance, and 
its curve is evidently a natural one. But, 
unfortunately, we have no means of render- 
ing it sufficiently rigid for railway purposes, 
without destroying its chief esthetic charac- 
teristics. 

Thus far I have endeavored to lead you 
through the general principles, in virtue of 
which each of the seven types supports its 
load. You may feel inclined to change the 
order of one or two, but that will not affect 
the general result. 

Had I based the classification upon the 
relative economy of material, upon the abso- 
lute weight of the superstructure which each 
would have required for the same span, and 
to bear the same moving load, it is at least 
gratifying to know that the arrangment 
would have been precisely the same, and 
that, although in small spans the order of 
ultimate economy is somewhat changed by 
the different proportions of labor to material 
required, it would not be felt in the large 
spans. 





These general facts have been long known’ 
to the engineer; but Mr. Benjamin Baker 
has recently reduced them to approximately 
correct figures for different lengths of rail- 
way bridges up to the limiting spans, and I 
have prepared, from his investigations, the 
annexed table, showing the weights of ma- 
terial in spans of 700 ft., and also in spans 
100 ft. less than the limiting spans. Tlie 
types are in principle the same as those I 
have described, though not arranged quite 
as Mr. Baker classed them. 

I have now laid before you the general 
arguments which, you will probably admit, 
prove, at least in regard to great bridges, 
the truth of the statement that, in equal 
spans, the zsthetic properties of the lines 
of the structure vary in direct proportion to 
the simplicity of the design, in a scientific 
sense, and in the inverse ratio of its actual 
cost. 

These results are sufficiently remarkable; 
and if we can in every case find beauty and 
science walking hand in hand, as here, shall 
we not be able to do more in the cause of 
both than we do at present? And this, I 
think, we can find in our works of stone and 
brick, without either the conditions of great 
size, or the cost of extra labor. 


Table compiled from Mr. Baker’s Analysis, showing che Approximate Weights of Wrought Iron 
or Steel in the Superstructure of Railway Bridges of six different types ; the working stress 
of the iron being taken at 4 tons, and that of the steel at 63 tons per square inch of sectional 


area: 





DESCRIPTION. 


700 ft. Span. 
mate weight in tons. 


Approxi- 


Limiting Span minus 
100 ft. 





Tron. 


Weight of steel 
in tons. 


Length of 
Span in feet. 





Box girder... 

BMNENO BONER nk cvivccceeesecccs secvese ee 
Bowstring girder ‘ 
Arched ribs with braced spandrels ......... 
Suspension with stiffening girder. .......... 
Continuous girder with varying depth* 





51,030 
17,360 
6,650 
3,500 
3,045 
2,660 


1,120,000 














THE CORROSION OF BOILERS. 


By Norman W. WHEELER. 


The writer is induced to put forward a 
few crude thoughts in the hope that some 
competent chemist will experimentally de- 
termine whether his surmises are correct or 
otherwise. 

The corrosion of boilers worked in con- 





* This type is nearly equivalent to Von Ruppert’s 
system. 





nection with surface condensers is in great 
part attributed to a galvanic action induced 
by the condenser. But galvanic action does 
not establish itself spontaneously ; some sort 
of chemical decomposition, or degradation 
of metals or other bodies being, so far as 
we know, a condition precedent, so that it 
becomes a question whether the corrosion 
observed is not the cause rather than the 
effect of the galvanic excitation observed. 
When water is repeatedly vaporized and 
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condensed, with very little exposure to the 
atmosphere, as is the case in practice, it be- 
comes to a great degree dezrated, but the 
question as to which of the numerous gases 
existing in natural water is first eliminated 
remains unanswered. If those gases, of 
which water absorbs the greatest bulk. cling 
to it with the greatest tenacity, a consider- 
able part of the destructive effect is there- 
by accounted for. It is stated by good au- 
thorities that water absorbs at common tem- 
peratures its own bulk of carbonic acid, one 


places very uncomfortable. The corrosion 
of the boilers was marked and unmistakable 
within a month. 

The atmospheric pipes were then changed 
and led to the open air, and the corrosion of 
both boilers and pipes apparently ceased, 
and was not again observed while the ves- 
sels were within the range of the writer’s 
observation. 

It is supposed that carbonic acid was ab- 
sorbed rapidly by the vapor and condensed 
water in the atmospheric pipes, the supply 





twenty-fifth its bulk of oxygen, and still | being derived from the gases of combustion, 
less of nitrogen. If, when water is dewrat- and the acidulated water passed into the 
ed by heating, the neutral gas nitrogen is | boilers by the feed pumps. 

first expelled, the corrosive power of the| Now, if it be proven that the water, while 
water should be exalted by its atmosphere, | exposed in the hot well of an ordinary en- 
so to speak, of carbonic acid and oxygen ; | gine, absorbs oxygen and separates it from 
and if, during the exposure to the air in the | the nitrogen of the air, and that the nascent 
air pump and hot well, the water absorbs | carbon of the oils, used to lubricate the 
the gases in ratio of their supposed affinities, | internal parts of the engine, is seized by the 
we should have in the boiler a pretty active | oxygen when the oils are decomposed by the 
solution of carbonic acid in oxygenized | heat of the steam, we shall be able to ac- 
water, from which we ought to expect cor-| count for an amount of carbonic acid in the 
rosion of the metal of lowest chemical rank | boilers working in connection with common 
exposed to its power, corresponding with the | surface condensers, sufficient to destroy them 


observed facts. 

A case encouraging the belief in the seri- 
ate elimination and absorption of gases, oc- 
curred in the writer’s practice in 1864. 
Four vessels were built for the Government, 
with return flue boilers and ‘‘ high pressure”’ 
engines, but the steam was condensed, for 
the sake of fresh feed water, in open surface 
condensers; that is, condensers making no 
vacuum, but fitted with tubes and circulat- 
ing pumps, and the steam spaces in the con- 
densers communicating with the atmosphere 
through pipes. The condenser tubes were 
made of iron and galvanized, for the pur- 
pose of avoiding the corrosion of the boilers. 
The feed-water was drawn by the feed-pumps 
directly from the condensers. As a matter 
of convenience, the atmospheric pipes were 
led from the condensers and opened into the 
smoke pipes, so that when an exhaust took 
place, the vapor was for an instant driven 
out through the atmospheric pipe, and be- 
cause of the continuous condensation, the 
gases in the smoke pipe were drawn back 
toward or into the condenser between the 


successive exhausts, thus keeping up a pulsa- | 


tion and swaying back and forth of vapor 
and gases in the atmospheric pipes, which, 
although made of copper, were eaten into 
holes in a few days. The pipes passed over- 
head through the fire rooms, and the con- 


tinual dripping of hot water made those | 


| rapidly. 
| WIRE ROADS. 


From ‘‘ The Engineer.” 


The great defect of the modern railway 
\is, that the system does not admit of gene- 
ral use. It is true that a railway can be 
laid down and worked by locomotive power 
‘in almost any conceivable country, provided 
‘there is sufficient capital available for its 
construction, and sufficient traffic to pay for 
_working it. But thousands of cases will 
| present themselves to the engineer in which, 
although a fair amount of traffic may be ex- 
pected, it is morally certain that this traffic 
‘could under no possible circumstances prove 
‘remunerative, for the simple reason that the 
‘capital expended would of necessity be out 
of all proportion to the money received for 
the carriage of goods or the conveyance of 
‘passengers. As we cheapen railways we in- 
| crease their sphere of usefulness; and were 
‘it possible to reduce the cost of railways be- 
| low that of common roads, and to render the 
conditions of working such, that on them, as 
‘on a canal, private individuals could run 
'private vehicles, it is more than probable 
that common roads would cease to have ex- 
istence, their place being taken by tramways 
‘or public railroads. Numerous attempts 
|have been made to reduce the cost of rail- 
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roads, but with, for obvious reasons, very 
little success. The cheapest single line of 
4 ft. 8} in. gauge, which it is possible to 
lay in an easy country will cost, at least, 
£3,000 per mile. If the country is difficult 
or hilly, the expense of construction may 
very well rise to ten times the sum. Rail- 
ways represent the most perfect mode of 
transit yet produced in one sense, and it is 
therefore to be regretted that they are not 
more generally applicable to all the pur- 
poses of locomotion than is at present the 
case ; but it is, we think, still more to be 
regretted that there is no prospect whatever 
that they will ever become much more use- 
ful than they are now. A good deal re- 
mains to be done as regards tramways, 
which partake intimately of the nature of 
railways without being railways in the truest 
or highest sense. But even wheu tramways 
have received that enormous development of 
which the system is probably capable, condi- 
tions will still constantly exist under which it 
will be impossible to resort to their use ; and 
the same truth applies to the ordinary macad- 
amized or graveled road. Stretching a point, 
every ordinary highway and parish road may 
be regarded as the substructure for a tram- 
way. No tram can be laid on a substruc- 
ture much worse than our third and fourth- 
rate country-roads. Therefore it may be 
taken for granted that where a road can be 
made a tram may be laid, and also that 
where a road cannot be constructed no tram- 
way can be laid down. But in almost every 
civilized or partially civilized country in the 
world, circumstances occur under which, 
though means of transit are required, it 
would be impossible to provide them, either 
in the shape of railroads, tramways, or com- 
mon roads, at a price which would justify 
their construction even by a state, much 
less by any company of adventurers. There- 
fore it appears that the proposition with 
which we commenced this article applies to 
both tramways and common roads as well as 
to railways, though not with the same force; 
for both tramways and common roads are 
open to objections, which do not exist in the 
case of railroads, far more serious than the 
want of universal adaptability. 

It has long been felt that some efficient 
means of transit, which might be used un- 
der any conceivable conditions, are badly 
wanted; but it does not appear that much 
had been done up to a very recent period to 
supply the want. The popular way out of 
such a difficulty as that, for example, which 





presents itself when the ore from an out-of- 
the-way mine has to be got toa seaport, lies 
in making a road, buying carts and horses, 
building stables, and hiring carters; where 
it happens—and in the colonies it does hap- 
pen rather often—that no road fit for whcel- 
ed carriages can be made, the popular reme- 
dy fails of course. There are two substi- 
tutes for common roads; one consists of 
mules and the other of camels. Coolies and 
elephants we will leave out of the question 
for the present. Now mules are no doubt 
very useful, and so are camels; but any of 
our readers who has had to transport a 20- 
horse engine, for example, up country on 
the backs of mules or camels, will agree 
with us that, although the muleteer of song 
is a very picturesque creature, the muleteer 
of fact is, though picturesque, something 
else as well; and, making the best of mules 
and camels and their drivers, the great fact 
still remains, that they carry things slowly, 
and cost a great deal. In a word, mules 
and camels no more solve the problem of 
transport in distant lands, as English capi- 
talists and engineers would have it solved, 
than a trained hippopotamus, weighing about 
four tons, and carrying a couple of Kaffirs, 
represents a perfect means of ordinary loco- 
motion. It would not be easy to estimate 
the loss which accrues each year to our 
colonies as a consequence of the want of 
some means of bringing produce to market. 
There are coffee plantations in Ceylon, more 
than 40 per cent of the produce of which is 
constantly wasted and lost, simply because 
no efficient means exist of getting the coffee 
to market down the jungle-clothed sides of 
hills. The waste and loss of cotton in In- 
dia, for the same reason, is enormous. In 
Namaqua land, again, there are valuable 
mines which cannot be worked because coal 
costs £8 per ton—half this expense, or 
more, being incurred in transporting it a 
few miles up the country on the backs of 
mules. It is impossible to estimate, indeed, 
at this moment, how much wealth is lost to 
the world because no means exist of trans- 
porting cotton, and coffee, and ores, and 
coal, over moderate distances at moderate 
rates. 

Impressed as we are with the importance 
of this loss, and desiring as we do to see the 
loss for ever done away with, we have care- 
fully watched every attempt that has been 
made of recent years to overcome the diffi- 
culty. The narrow gauge railways of 
Queensland; Mr. Brunlees’ cheap lines in 
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South America; the pneumatic dispatech— 
in which there is more as a means of cheap 
transit in difficult countries than is at pre- 
sent perceived—these things, and such as 
these, holding out promise of future good, 
have all claimed our attention; but very 
little observation is sufficient to show that 
they none of them comply with the condi- 
tions of the greatest difficulty. Take the 
case of a coffee plantation in a fertile dis- 
trict on the side of a hill; between it and 
the nearest port, or the nearest road to a 
port, lies an impenetrable jungle, deep ra- 
vines, and water courses now dry and anon 
filled with a foaming torrent; the railroad 
ean do nothing for such a case, the pneu- 
matic dispatch is of as little value. 
the planter wants is the wings of the dove 
to take him to the uttermost part of the sea. 
If he could but fly! If he could but or- 
ganize a trained troop of flying steeds to 
take his produce bit by bit over the top of 
the jungle, across rock, ravine and torrent, 
then, indeed, the problem would be solved, 
and the flying steeds would serve a more 
useful purpose, and do more good than ever 
Pegasus has done yet. 


Now, is this flight impossible? Are the 


difficulties to be encountered insurmount- 


able? We think not. We have spoken of 
flying steeds, and we have done so with a 
purpose. It is evident that if we could 
construct a road above ground instead of 
resting on it, neither jungle nor forest need 
give us trouble. There is a race of pirates 
in Borneo who live in forests. These peo- 
ple seldom touch ground. Their roads con- 
sist of single trunks of trees felled, laid end 
to end, and carried on suitable uprights for 
miles through the depth of the forest from 
the sea shore. The jungle undergrowth is 
impassable, therefore those people make 
their road over it. We are all familiar with 
the rope bridge of South America, across 
which the traveler is drawn in a basket 
swinging below the bridge, which consists of 
a hide cable. In these two, the Borneo tree 
road and the South American bridge, we 
have the crude germ of an idea which, prop- 
erly worked out, may do wonders for the 
good of mankind. 

The only scientific development of the 
idea yet before the public is Mr. Hodgson’s 
wire railway at Bardon Hill, Lecicester, al- 
ready noticed in our pages.* This line, 
three miles long, extends from Messrs. Ellis 





* See ‘¢ The Engineer *’ for February 19, 1869, 
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and Everard’s granite quarries at Markfield, 
to Bardon station on a branch of the Mid- 
land Railway. At Bardon is a tremendous 
rotatory crushing machine, capable of con- 
verting a couple of hundred tons or so of 
granite into road metal per day. We need 
not again describe the wire line put down to 
transport 100 tons of stone per day to this 
machine, but never as yet worked up to its 
full capacity. It will suffice to say that the 
principle involved consists in suspending a 
wire rope on wheels fixed to posts placed 
about thirty-one to the mile, just as are or- 
dinary telegraph posts. The rope runs over 
a horizontal pulley of considerable diameter 
at one end, and at the other round a 4} ft. 
Fowler’s clip drum, driven by a 16-horse 
portable engine, which is not half loaded. 
One side of the six miles of endless rope is 
always traveling toward Markfield, the other 
side away from it, toward Bardon. The 
stone is loaded into boxes, which are hung 
on the rope and run full to Bardon, where 
they shunt off the rope, are emptied, and 
sent back to Markfield on the return line. 
The wire road winds in and out, pass- 
ing here through a grove, there across pas- 
ture lands. In one place it jumps obliquely 
across the high road with a span of 600 ft. 
clear. The pace at which the buckets travel 
is about four miles an hour, the load in each, 
about one cwt., and some thirty buckets 
come tothe mile. The line has now worked 
for some months most successfully, and we 
are pleased to hear that in Italy, Spain, and 
Turkey the system is likely to be extensive- 
ly adopted. The system is certain to prove 
infinitely valuable to countries perishing 
from that inanition due to want of means 
of internal circulation. 

Here we have means of transport provid- 
ed, by which all obstacles connected with 
the country are avoided. No doubt objec- 
tions may be raised to the scheme, and dif- 
ficulties are certain to be encountered in 
carrying it out on a large scale. One or 
two points, however, are certain; it has 
been proved that the principle can be ap- 
plied in practice; wire-rope railways are 
very inexpensive—£150 to £500 per mile ; 
they offer the only certain solution for 
hitherto insurmountable difficulties, and, 
lastly, the entire principle is correct. We 
did intend to speak of the mechanical ques- 
tions involved, such as the best means of 
carrying the rope, putting on the buckets, 
the power consumed, etc,; but these we 
think best, after all, to speak of at a future 
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time when the system shall have been more 
fully developed, and some inquiry shall have 
been made into its dynamics. So far the 
scheme is a mechanical success, and that is 
about the only point connected with it, save 
its all but universal applicability to the pur- 
poses of transport, with which we have any- 
thing to do. 


RAISING WATER FROM MINES. 


From ‘‘ The Engineer.”’ 


In scarcely any department of the opera- 
tions necessary to bring our subterranean 
treasures to the surface, is there greater di- 
versity of comparative working. cost than in 
the process of freeing the mines of water. 
The men who win our metals have made 
much more progress in this department than 
those who get our fossil fuel, as we shall pres- 
ently see. Meanwhile let us get some idea 
of the financial significance of the subject 
by remembering that from the northern coal- 
field comprising Northumberland and Dur- 
ham there has every year to be taken water 
fifteen times the weight of the output of the 
coal of the district, which, according to the 
the mines inspectors’ last. returns, reached, 
in 1867, a total of 26,500,000 tons. In 


Staffordshire the water raised is computed at 
ten times the weight of the coal;. but the 
‘ratio of cost in each may be assumed to be 


alike. It is estimated at .343 pence per 
1,000 gallons raised 100 ft., or, in other 
words, per million foot-pounds. This cal- 
culation is made upon the basis that the 
average of the lifts is 384 ft., which is com- 
puted to be the average depth of the pits in 
South Staffordshire ; and this, for the pur- 
pose of calculation, may be taken as the depth 
in the northern field. Computed on the 
quantity of coal raised in 1865, the cost of 
pumping in the South Staffordshire collieries 
is estimated by Mr. E. B. Marten at £100,- 
000,a-year, taking £500,000 as the capital 
employed, and allowing a 5 per cent reduc- 
tion on this capital. The engines are presum- 
ed to work twenty-four hours perday. Tak- 
ing Mr. Marten’s figures for his guide, and 
adapting them to the 25,000,000 tons raised 
in the northern district in 1865, Mr. William 
Waller puts down the yearly cost of pumping 
the Northumberland and Durham district 
at £459,200. 

How much more this is than need be, may 
not be accurately concluded, but may, to 
some slight extent, be imagined from a fact 


which Mr. Warington W. Smyth has placed 


upon record. It is that he has watched a 
large pumping engine in the north which 
raises water from 105 fathoms deep, in 12-in. 
lifts, at seven and a-half strokes per minute, 
with a consumption of twenty to twenty-five 
tons of slack per day, whilst a similar amount 
of work is done by a Cornish engine with from 
two to twoand a-third tons. The coal was no 
doubt inferior in the former case, but the re- 
sult, he intimates, shows that there are engines 
in the country consuming upwards of ten times 
the quantity of coal that is needed for the 
work accomplished. It is clear that the 
pumping at our coal mines is not conducted 
as cheaply as it ought to be, and we have 
reason to know that even the metal mines of 
Cornwall might be freed for less money than 
is now the current charge. What should be 
the cost of raising 1,000 gallons of water 
100 ft.? Mr. Wm. Waller set himself to 
answer this question in a paper. which he 
communicated to the North of England 
Mining Engineers during 1857. By the 
side of the figures as to the assumed average 
cost in the north of England and in South 
Staffordshire, he places data obtained under 
his own observations relating to waterworks. 
Should any one object that these are not 
parallel cases, he submits that the mining 
engine works under more advantageous cir- 
cumstances; for this reason, that being 
necessarily in the first instance sufficient to 
reduce the water, afterwards in keeping it at 
the reduced level, it is working well within 
its power and under very economical condi- 
tions ; whereas, the waterworks engine, hay- 
ing to contend with ever-varying demands, 
with extra and intermittent exertion, with 
increased friction and resistance in re- 
stricted pipe area, is under every dis- 
advantage. For the purpose of comparison, 
however, colliery and waterworks engines 
|may be considered as working under similar 
circumstances. 

A most important difference in the duty 
of several engines in the same undertaking 
sometimes transpires. This is especially 
seen in the case of the East London Water- 
works Company. It is stated on the authori- 
ty of Mr. Wicksteed himself that the total 
cost of lifting a million foot-pounds, taken 
on the average of several years with different 
engines is: Single-acting engine, Boulton 
and Watt, .543 pence; double-acting engine, 
Boulton and Watt, .358 pence ; double-act- 
ing engine, Boulton and Watt, .333 pence ; 
Single-acting Cornish, Harvey and Co., .150. 
Whilst the water company are supposed to 
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give 7s. 6d. a ton for their coal, the average 
of the East London was 10s. 6d. 

The Southwark and Vauxhall Company’s 
total cost is at 10s. a ton for coal, .084 pence ; 
or with five-sevenths for labor, repairs, wear 
and tear, etc., .144 pence. 

The Grand Junction, with coal at 14s. 
6d., is set down at for coal alone, .192, while 
labor, etc., added .276 pence. 

The Liverpool Corporation Works present 
a comparison more nearly approaching the 
general pumping arrangements of a colliery’s 
engines—both the ordinary crank engine and 
Cornish type are used; and the cost of 
pumping is given with great detail and ac- 
curacy. There are in Liverpool seven 
stations with nine engines. At the Bootle 
station there were three engines, each with 
beam and crank, and a single-acting bucket 
pump, and worked direct from the beam of 
each engine. Only two of these engines 
were worked together, and they delivered 
through an air-vessel. At the Bevington 
Bush station there was a bucket-lift, but it 
was altered to a plunger, and at once the 
total cost fell from .789 pence to .201 pence 
per million foot-pounds. Most of the cal- 
culations are based upon the returns for 
1849; but, as indicative of the great saving 


to be effected by a large amount of duty 
performed, we may state that the engine at 
the Green-lane station of the Liverpool 
Company, which is Cornish, with a 56 in. 
cylinder, and a 9 ft. stroke, by Harvey and 
Co., which raised 992,000,000 gallons 100 ft. 


at a total cost of .222 in that year, was rais- 
ing in 1865 as much as 2,736,000,000 gal- 
lons that height, at a total cost of .178 pence, 
the cost of the coal used being 6s. 10d. ton. 
And when the Southwark and Vauxhall 
raised 4,061,000,000 gallons, with coal at 
10s. a ton, they did it at a total cost of .144 
pence per million foot-pounds. The cost of 
coal alone at the Green-lane Liverpool en- 
gine was .075, and at the Southwark and 
Vauxhall, .084. 

Hence it is concluded that the cost of 
coal for lifting 1,000 gallons 100 ft. high, or 
a million foot-pounds, need never exceed 
one-eighth of a penny where Cornish engines 
of the best make are employed; and that 
the total expense, exclusive of the interest 
of capital for doing this amount of work, 
might be within one farthing, instead of two 
or three farthings, which it often is. 

“The Engineer ” then discusses the South 
Staffordshire drainage, which is now a tax 
on the coal raised of 43d per ton. 





oo AND RESISTANCE OF Ma- 
TERIALS.—In a paper “on the present 
state of knowledge of the strength and re- 
sistance of materials,’’ read before the Insti- 
tution of Civil Engineers, May 11, 1869, Mr. 
Jules Gaudard stated that the theory in the . 
case was closely connected with that of mole- 
cular mechanics, But being a branch of 
that science altogether of practical applica- 
tion, it required only to borrow from scientific 
theories the principles on which to base rules 
of construction, simple enough to be of gen- 
eral application and yet sufficiently exact to 
be used with confidence. The formule of 
strength brought into view, on the one hand, 
the destructive action of external forces, 
and, on the other hand, the resisting power 
of the molecules of the material. External 
forces were of two kinds: one kind compris- 
ed elements directly given, such, for example, 
as weights; the other kind consisted of 
reactions—functions of given forces. In 
certain cases these reactions might easily be 
found by the science of statics alone, as, for 
example, in the case of a beam placed on two 
supports ; in other cases they would depend 
on the changes of form of the solid. It was 
this, for example, which caused the difficulty 
of calculation in arches and in continuous 
beams of several spans. Or, lastly, it might 
happen that the body in question might not 
be in a state of equilibrium, but that its 
particles might oscillate under variable dy- 
namie influences, or forces of inertia. This 
was the case of concussions, vibrations, etc. 
These various external forces being deter- 
mined, it would easily be seen if they tended 
to cause certain parts of the solid to elongate, 
or to shorten, or to shear, or to turn round 
certain axes. These various effects, exten- 
sion, compression, sliding, torsion, flexure, 
might further manifest themselves separate- 
ly, or might combine with each other. Un- 
der the action of these forces, the body 
would necessarily be changed in form ; for 
solids perfectly rigid were only pure abstrac- 
tions. The study of these changes of form 
constituted the object of the theory of elas- 
ticity. The study of strength, or resistance, 
had to do with the power which the solid, ac- 
cording to its physical constitution, possessed 
to maintain, if not its form, at least the 
cohesion of its parts. 

The author then proceeded to consider the 
forces of various kinds to which materials 
were subjected, such as extension, compres- 
sion, sliding, flexure, torsion, and shearing ; 
and in reference to all these, he gave the re- 
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sults and formule of the most modern in- 
vestigations ; expressing them at such length 
as to make them intelligible, but with suffici- 
ent conciseness to bring them within reason- 
able limits of space. 

In conclusion, it was remarked that the 
theory of the strength and resistance of ma- 
terials touched obscure problems relating to 
the physical constitution of bodies, and yet 
its practical character obliged it to be simple. 
Another motive, also, justified the departure 
from rigorous exactness, that was, the irre- 
gularity of the materials facts; if it was 
good, in effect, to associate mathematical 
science with physical phenomena, it was in- 
contestable that these two elements, one 
always logical, the other frequently capri- 
cious, were often separated from ‘each ether. 

In spite, however, of these imperfections, 
the theory of the strength and resistance of 
materials in its present state constituted an 
elegant and useful doctrine, which ought to 
be better known by the majority of construct- 
ing engineers, so much did it tend to impress 
boldness and elegance on designs of all kinds. 
In any case, the theory, imperfect though it 
might be, had the great advantage of gen- 
eralizing facts. Empiricism, if left to itself, 





THE COMPUTATION OF EARTHWORK. 
From ‘‘ Engineering.” 

We have, from time to time, illustrated 
and described several different arrangements 
for the mechanical computation of earth- 
work, by which the long and tiresome opera- 
tion of calculating the cubic contents of the 
cuttings and the embankments of a railway 
can be substituted for a process of simple 
inspection, so that the quantities can be re- 
gistered expeditiously, and with a minimum 
chance of error. A very ingenious instru- 
ment has recently been designed by Mr. W. 
H. Barlow for this purpose, and which will 
be found invaluable for making the compu- 
tations necessary for framing parliamentary 
estimates, as well as for the more precise 
earthwork calculations during the progress 
of actual work. The instrument consists of 
a wooden circular tray, about 12 in. in dia- 
meter, in which are set cardboard discs re- 
volving round a central pin fastened in the 
tray, and having engraved on their periphe- 
ries quantity scales of relative proportion. 
Upon the edge of the tray is serewed a brass 


|stop, terminating in a flat finger, with a 
| feather edge on one side and a zero inscrib- 


would encumber the science of construction | ed upon its end. 


with a mass of rules, without reason or con- 
the height scales, referring to cuttings or 


nection, well calculated to repel and mystify 
practical men. 


ee. Roap RoitieER.—Gen. Green, 
of the Croton Aqueduct Department, 
New York, has introduced a roller consist- 
ing of a series of independent discs some 1} 
in. thick (that is to say, 1} in. wide on the 
tread), and a series of alternate dises of the 
same width, but of 3 in. less diameter, all 
mounted on a common shaft, so that the 
whole roller is grooved like the roll of an 
fron mill for producing 1} in. square iron. 
As each disc moves independently on the 
shaft, facility of turning and avoidance of 
scraping while turning, are the result. But 
the most important result—and it is very im- 
portant—is the increased hardness and uni- 
formity of the road. A long solid roller 
can hardly be made heavy enough to crush 
down the protruberances of the surface ; 
hence soft or uneven places are left between 


them. The grooved roller easily cuts into” 


hard and projecting places, pressing the ma- 
terial laterally as well as vertically, so that 
the hollows are filled and the material is 
uniformly condensed, 





The cardboard scales are of two classes, 


embankments, ranging in height from 0 to 
75 ft. These are engraved upon the larger 
disc, which entirely fills the tray, but can 
be turned round within it upon the center 
pin; the zero of this scale, in operating the 
instrument, is made coincident with the 
feather edge of the brass finger. The other 
is called the quantity scale, and is applica- 
ble for all widths and slopes of the height 
scales ; it is graduated around the complete 
circle, and represents a total of 100,000 c. 
yards. This disc. is about 1 in. smaller in 
diameter than the outer one, which it over- 
lies, and turns freely upon its center; its 
zero corresponds with that on the end of the 
brass finger. There is space sufficient upon 
that part of the under disc exposed beyond 
the edge of the upper, to allow of four or 
five height scales being drawn upon it. All 
these scales, by preference, refer to one for- 
mation width, with varying slopes ; separate 
ecards being prepared for different widths, 
and which can be easily placed on the tray 
by unscrewing the stop and lifting off the 
upper disc. 

Both the height and the quantity scales 
are but the ordinary earthwork tables graphi- 





ie fn ee ee, er ee ee, ee oe. ee er ee ee eee ee ee ak 6 ee ee ee ee pee ee ee Oe ee ee ee a a le ee 


Oo 4A & A 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


651 





cally stated. In constructing the former, 
the calculated cubic contents of a bank or 
cutting, of a certain formation, width, and 
side slope, forms the extent of the scales, 
each of the subdivisions of which represent 
the quantity contained for heights decreas- 
ing foot by foot to nothing, a constant 
length of 66 ft. being maintained, although, 
if desired, the scale may be divided into 
shorter lengths. These graduated quanti- 
ties being thus drawn, are projected with 
ease upon the circular scales of the dise, 
and from which the standard quantity scale 
can be laid off. 

In using this instrument, the height scale 
adapted to the intended slopes and forma- 
tion width is selected, and its zero is accu- 
rately placed against the feather edge of the 
brass stop by means of a pointer; the dise 
is then fastened into its position by set 
screws. Then the zero of the quantity scale, 
free to revolve, is accurately adjusted to 
the 0 at the end of the brass stop. The 
longitudinal section having been divided 
into chain lengths, a steel pointer is placed 
on the rim of the quantity scale exactly op- 
posite to that division on the height scale, 
which corresponds with the height or depth 
at the first chain. The disc is then brought 


round until the pointer touches the brass 
stop. Proceeding in this manner with each 
chain length in the bank or cutting, the total 
quantity may be read off on the quantity 
seale at the zero of the brass finger, provid- 
ed the quantity does not exceed 100,000 c. 
yards, which is the total capacity of the 


complete graduated circle. If the whole 
contents, therefore, exceed 100,000 cubic 


It is obvious that the use of this instrument 
can be extended to computing the quantities 





adjusted to correspond with varying trans- 
verse slopes. 

Altogether this instrument is the best 
adapted for its purpose that we have seen, 
and we are the more glad to bring it into 
prominent notice as Mr. Barlow proposes to 
devote any profits arising from its sale to 
the Benevolent Fund of the Institution of 
Civil Engineers. 


GUIBAL’S VENTILATING FAN. 


From a paper read before the Institution of Mechan- 
ical Engineers, by Mr. J. S. E. Swindell. 

The fan employed at the Homer Hill Col- 
liery, Cradley, has eight vanes, and revolves 
on a horizontal shaft within a cylindrical 
easing of brickwork, by which it is com- 
pletely enclosed at the sides and circumfer- 
ence, with the exception of a circular aper- 
ture in the center of one side for the en- 
trance of the air from the mine, and an 
outlet opening in the circumference for the 
discharge of the air into the outlet chimney. 
The area of the outlet opening is regulated 
by an adjustable sliding shutter, according 
to the extent of ventilation required ; and 
the outlet chimney is built with a gradually 
increasing area up to the top, so as to reduce 
the velocity of the air at the point of dis- 
charge, and thereby prevent the loss of 
power that would occur in discharging it at 
the velocity of the fan. The fan is driven 
direct by a horizontal steam engine working 
a crank on the end of the fan shaft without 
the intervention of any gearing. The fan 
is 163 ft. diameter and 4} ft. width, and its 


usual working speed is 26 revolutions per 
yards, that amount must be added to every | minute, discharging 13,500 cubic ft. of air 
complete revolution of the quantity scale.| per minute; and it can be got up in only 


| 


about one minute’s time to the higher speed 
of 96 revolutions per minute, discharging 


to be added or deducted for any formation | then 51,700 cubic ft. of air per minute. The 
widths for which height scales are not pro-| current of air from the mine passes to the 


vided; if the earthwork be first measured 
up with one base, and afterwards with a 
smaller one, the difference between the to- 
tals will give the cubic contents of a bank 
or cutting, with a formation width equal to 
the difference between the two bases used in 
the computation. This quantity divided by 
the width will give the cubic contents per 
foot of formation. 

Although as designed no means are pro- 
vided for computing the contents of banks 
or cuttings upon sidelong ground, it is ob- 
vious that this could be effected by a modifi- 
cation of the quantity scale, which could be 





ventilator along an inclined drift leading off 
from the upcast shaft at a little depth below 
the top; and the top of the upeast shaft is 
closed by a movable cover, which is lifted 
by the ascending cage on arriving at the 
top, the weight of the cover being counter- 
balanced by weights. This is the first me- 
chanical ventilator that has been applied in 
the working of the South Staffordshire Thick 
or Ten-Yard coal; and it has now been run- 
ning about nine months, without a single 
stoppage for repairs of any description, and 
is doing excellent work, the total cost of the 
fan, with engines and connections, being 
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only about one-third of that of an ordinary 
ventilating furnace for producing the same 
amount of ventilation. A comparison of 
actual working between the furnace and the 
fan at acolliery in the north of England 
shows that with a consumption of only two- 
thirds as much coal, the fan supplies nearly 
double the amount of air obtained with the 
ventilating furnace. Several of these ven- 
tilators are now at work at collieries in dif- 
ferent parts of the country, some of which 
are as large as 30 ft. diameter and 10 ft. 
width, capable of delivering 100,000 c. ft. 
of air per minute; and they are so free from 
liability to get out of order that no acci- 
dents of any consequence to the ventilation 
have occurred with any of them. 


ILLUMINATING POWER OF COAL GAS. 


From a paper on ‘* Experiments on the Standards of 
Comparison Employed for testing the illuminating 
Power of Coal Gas,’? read by Mr. T. N. Kirkham, 
M. Inst. C. E. before the Institution of Civil En- 
gineers. 

It was observed that the standards of 
comparison at present in use were known to 
be wanting in that uniformity of result 
necessary for determining with accuracy the 
difference in the intensities of two lights. 
But as the amount of the variation had 
never been clearly defined, the author had 
instituted a series of experiments for the 
purpose of ascertaining the extent of these 
differences.- 

The instruments employed for testing the il- 
luminating qualities of two flames were found- 
ed on the law of optics, that light diverging 
from a luminous centre diminished in inten- 
sity in the ratio of the square of the dis- 
tance. This principle had been taken ad- 
vantage of by Count Rumford in the instru- | 
ment known as the “Jet Photometer,”’ | 
which was described ; as was also another | 
method, suggested by Professor Bunsen, | 
which was dependent for its action upon the 
combination of reflected and transmitted 
light. 

In France, the instrument employed was 
M. Foucault’s modification of that proposed 
by Count Rumford, as arranged by MM. 
Dumas and Regnault; while the standard 
of comparison was the amount of light 
emitted from grammes of colza oil, special- 
ly prepared and verified, burning in a Carcel 
lamp, of certain fixed proportions, at the 
rate of 42 grammes (648 grains) per hour; 
and it was required that the light produced 
by from 25 litres to 274 litres (.8625 to 








.9707 of a cubic foot) of gas, consumed in a 
Bengel burner of known dimensions, should 
be of equal power. The mode of conduct- 
ing an experiment with this instrument was 
then detailed ; and it was explained that 
during the progress of the experiment, the 
quantity of gas was regulated, so that the 
two lights should be maintained of equal 
intensity. In this way it was possible to 
compare the consumption of oil with that of 
the gas, and if the lamp had burned at the 
specified rate of 42 grammes (648 grains) 
per hour, the experiments should have been 
completed in 14 minutes 17 seconds. 

In England, the instrument in use was 
constructed on the Bunsen principle, and the 
standard of comparison, as defined by Act 
of Parliament, was a sperm candle, burning 
at the rate of 120 grains per hour. The 
gas being consumed at the rate of 5 cubic 
feet per hour, through an Argand burner 
having 15 holes, and with a chimney 7 in. 
high, must be equal, in intensity of light, to 
12 such candles. 

The instrument by means of which the 
experiments were made by the author was 
also constructed on the Bunsen principle, 
combining all the most approved modifica- 
tions. It consisted of four photoniers, radi- 
ating from a common centre in the form of 
a cross, and each accurately scaled, adjust- 
ed, and fitted with every appliance to insure 
uniformity and precision. 

The first series of experiments was un- 
dertuken for the purpose, if possible, of ar- 
riving at the amount of variation in the 
illuminating power of candles obtained from 
the principal manufacturers. Gas was 
adopted as a standard of comparison ; and 
to insure uniformity in its illuminating 
power, a sufficient quantity for carrying out 
the experiments on each occasion was put 
into a gasholder in the labaratory, the 
temperature in the latter being always main- 
tained at 62° Fahrenheit. In this series, 
each of the four photometers was supplied 
with candles of a particular make, to the 
use of which it was restricted throughout 
the day, every successive experiment being 
made with a separate specimen. All the 
candles were cut in half and burned from 
the centre. It was observed that, although 
the standard candle was fixed by Act of 
Parliament, as a sperm candle, of six to the 
pound, burning uniformly at the rate of 120 
grains to the hour, yet no such candle was 
to be obtained ; for from various quantities 
of sperm candles, six to the pound, procured 
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from several manufacturers, the average rate 
of consumption was 135 grains. This fact 
had been previously demonstrated by the 
extended series of experiments carried out 
by Professors Graham, Leeson, Brande, and 
Cooper, in 1852. The Parliamentary rate, | 
being abnormal, was so rarely met with, that | 
all operators had been compelled to make | 
corrections for these variations, and had un- 
animously adopted the ordinary rule of 
simple proportion for the purpose. It was) 
proposed, therefore, in the analysis of the | 
diagrams exhibiting the results of the ex-| 
periments, that the candles burning at the | 
rate of 135 grains should be designated | 
“normal standard candles,’ to distinguish | 
them from the Parliamentary standard of 
120 grains. 

Commencing with experiments Nos. 56. 
and 58; in No. 56 with a consumption of | 





ence in the illuminating power of the 
‘* standard gas as shown throughout the forty- 
four experiments made upon this day, was 
4.60 candles; being between experiment 
No. 51, with a consumption of 129 grains, 
giving an illuminating power of 13.58 
candles, and experiment No. 60, consuming 
134.7 grains, representing the gas to be 
18.18 candles. 

An examination of the various diagrams 
would demonstrate, that the differences in 
the candles might be classed under five 
| heads ; ; viz., First. Differences in the illu- 
“minating power of Parliamentary standard 
candles, burning at the rate of 120 grains 
per hour. Secondly. Differences in the 
illuminating power of normal standard 
jcandles, burning at the rate of 135 grains 
‘per hour. Thirdly. Candles with different 
rates of consumption, giving the same amount 


119 grains, the illuminating power of the | of light. Fourthly. Candles with the same 
standard gas was represented as 15.3. rates of consumption, giving a different 
candles ; whilst in No. 58, with a consump- amount of light. And fifthly. Greatest dif- 
tion of 121.2 grains, it was 14.5 candles. ferences of illuminating power, in the whole 
The difference between these two experi-| number of experiments when corrected to 
ments, made with candles which happened | the Parliamentary standard. 

to be nearly within the Parliamentary stand- | From the tabulated results of three other 
ard, was .8 of a candle. In experiment | sets of experiments, it appeared that, in the 
No. 51, burning the normal standard quan- | first, when the consumption of sperm varied 


tity of 135 grains, the same gas was repre- | from 109.2 to 134.4 grains, the greatest 


sented as being 15.48 candles; and in No. | difference in the illuminating power of the 
61, consuming 134.4 grains, or .6 of a grain | gas, corrected to the Parliamentary stand- 
less, it was 16.28 candles, the difference be- | ard, was 4.59 candles ; in the second, when 
ing in this case also .8 of a candle. In experi. | ‘the consumption ranged from 120.9 to 130.8 
ment No. 60, with a consumption of 134. 7| |grains, the difference in the illuminating 
grains, or only .3 of a grain more, the gas | power was 3.06 candles ; while in the third, 
was shown to be 18.18 candles, a difference | with a consumption of from 120 to 142.5 
of 2.70 candles in experiment No. 51, with | grains, the difference was 4.21 candles. 

a consumption of 129 grains of sperm, the| The second, third, and fourth series of 
gas had illuminating power 12.6 candles. | experiments were made with candles obtain- 
In experiment No. 52, with a consumption |ed from one manufacturer only. As an ex- 
of 145.2 grains, the gas appeared to be 12.6) ‘ample of the results arrived at by the second 
candles. Experiment No. 52, with a con- | series, it was stated that with a consumption 
sumption of 157.2 grains, gave the gas as | of sperm varying from 129.6 to 130.2 grains, 
12.54 candles. The last three experiments | the greatest difference in the illuminating 
were examples of candles consuming differ- | power was 2.26 candles. 

ent quantities of sperm, yet giving practi-| Third series of experiments was made for 
cally the same amount of light; the correc-|the purpose of ascertaining wheth-r the 


tion of which to the Parliamentary standard 
of 120 grains created error. Experiments 
Nos. 57 and 54, each with the same con- 
sumption of 130. 2 grains, showed the differ- 
ence in the illuminating power of the gas 
to be 2.42 candles ; the former representing 
it as 13.02, and the latter as 1544 candles. 
These were examples of candles burning the 
same quantity of sperm, yet giving a differ- 
ent amount of light. The greatest difler- 





French standard of comparison, when used 
at a photometer on the Bunsen principle, 
was more reliable than the candle. It was 
thus found, that when the lamps were allow- 
ed to burn without any regular system of 
trimming, the variations were about as great 
as those of the candles ; but when the lamp 
was trimmed before the commencement of 
each experiment, the variation was about the 
same as with the best candles. It was pro- 
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bable that the result would have been better, 
if the time allowed for taking the observa- 
tions had been fifteen minutes instead of ten 
minutes; for the lamp when filled weighed 
10 lb., and the balance employed would not 
turn to less than a grain. Subsequent ex- 
periments corroborated this supposition. 
Of this series the examples selected show- 
ed, in one case, that the greatest difference 
in the illuminating power of the gas was 
1.69 candle, with a consumption of sperm 
ranging between 136.5 and 124.5 grains. In 
another case the greatest difference in illu- 
minating power, corrected to the standard 
consumption of 108 grains of oil in ten 
minutes, shown in the whole number of ex- 
periments, was 2.3 candles, when the time 
required for the consumption of 108 grains 
of vil by the lamps was respectively 9 
minutes 39 seconds and 10 minutes 3} 
seconds. 

For several years past the author had had 
in operation one of Mr. Lowe’s jet photo- 
meters, for the purpose of indicating the 
illuminating power of the gas as it was be- 
ing manufactured. As its apparent accuracy 
seemed to promise a more reliable means of 


certaining the illuminating power of differ- 
ent qualities, by two different systems, as 
at present existing, and by the proposed plan 
of testing by the jet. On this diagram a 
diagonal line had been drawn, which illustrat- 
ed the theory of ascertaining the illuminat- 
ing power of gas by means of the jet photo- 
meter, worked on the ‘ Retrograde system,” 
which might be thus stated: Maintaining a 
7-in. flame from an orifice of certain fixed 
dimensions, the illuminating power of the 
gas was in direct proportion, inversely, as 
the pressure. 

This diagonal line being considered as the 
“standard 7 in. flame,’’ according to the 
theory just advanced, it was observed that 
ithe average results of twelve experiments 
| very nearly coincided with the theory; and 
_at pressures of .40, .51, .63, .64, and .68 of 
'an inch this was especially the case. The 
highest and the lowest candle experiments 
|were completely cut by the line, and the 
|lamp experiments also tended generally to 
| prove the theory. 
| Another diagram, representing the dura- 
| tion test corresponding with the retrograde 
| scale, showed the time required for the issue 





determing the illuminating power of gas, it/of .1 of a cubic foot of gas, of a certain 


was decided to carry out a fourth series of | illuminating power, maintaining a 7 in. flame 


experiments, with a view to discover the 
relation between the indications of this in- 
strument and those of the French and En- 
glish standards. At the ‘Cross’ photo- 
meter, three consecutive experiments were 
made upon the quality of the gas, compared 
with four candles burning at the same time. 
The results of these twelve experiments were 
then averaged, and accepted as the illumi- 
nating power of the gas in each case. An- 
other operator was at the same time engaged 
at the Dumas and Regnault photometer, and 
the average of these experiments was also 
taken as representing the illuminating power 
of the gas. Twoof Mr. Lowe’s jet photo- 
meters, fitted precisely alike, were in opera- 
tion throughout these experiments; the 
orifice in each jet being of the same size, so 
that at any given pressure the height of the 
flame from each would be the same. The 
pressure at the point of ignition was regulat- 
ed so as to give a flame exactly 7 in. in 
height and that pressure was duly recorded. 
The height of the flame at a pressure of .6 
of an inch was also observed, as well as the 


time required for the issue of .1 of a cubic| 


foot of gas under each of these pressures. 
A diagram was prepared, showing the re- 
sults of simultaneous experiments for as- 


‘from the jet photometer. The use of the 
‘duration test was to check the working of 
the jet photometer, and to afford a means of 
discovering any irregularities that might 
occur in the apparatus. As an example of 
\its use, it was seen by the retrograde scale 
that gas having an illuminating power of 14 
candles gave a 7 in. flame at a pressure of 
.63 of an inch; and upon referring to the 
duration test it would be found that .1 of a 
cubic foot of gas of that illuminating power 
jought to maintain that flame for three 
/minutes. Should there be any considerable 
deviation, it was an evidence of some de- 
rangement in the apparatus. 

From these experiments the author believ- 
ed it was evident that a more reliable method 
than that at present in use for determing the 
correct illuminating power of the gas sup- 
plied to the public was urgently needed ; 
and he thought the following system would 
be found to give results approaching as near- 
ly as practicable to a truthful estimate: Let 
the illuminating power of the gas be deter- 
mined by the aid of the present recognized 
photometer, fitted with a Carcel lamp, burn- 
|Ing oil of the same quality, and verified in 
'the same manner as that adopted by the 
|municipality of Paris as a standard ; and 
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let a sufficient number of experiments be 
made so as to cover the errors that were 
known to exist, and the average of these be 
compared with the illuminating power, as 
shown by the jet photometer and the dura- 
tion test, and then the ‘mean of compari- 
son” might be taken as the illuminating 
power of the gas. 


ENAMELING AND POLISHING. 


‘The Art of House Decoration,” by Mr. 
Sutherland. 


From 


In speaking of enamel, it must be under- 


3. Ground and lump pumice-stone, or putty 
powder. 

4. Rotten stone, ground in water or oil. 

5. Some white felt, from a quarter to half 
an inch in thickness, and of the best quality. 

6. Several flat wooden blocks, of various 
sizes and forms, suitable for getting into 
corners and mouldings ; these must be cover- 
ed with the felt on the side you intend to 
use. 

7. Two or three bosses made with cotton 
wool, and covered with silk. 

8. Sponge, and wash or chamois leather. 

In order to simplify the description, we 





stood as polished paint on the surface of will take a plain panel to operate upon. If 
woodwork, such as doors, architraves, win- it is new, give it two coats of oil color, mix- 
dow shutters, etc., ete. Enameling and |ed in the ordinary way ; now mix the white 
polishing is an art which requires the ex-|lead, ground in turps, with only a sufficient 
ercise of the greatest care and patience in | quantity of varnish to bind it with, thinning 
its execution. A little carelessness or inat- | to a proper consistency with turps. It is as 
tention at the finish may undo the work of} well to add a little of the ordinary white 


days. 
either in the material or labor, but must go 
through its regular course, have its proper 


time to harden between each coat and pro- | 
cess ; and the rubbing down must be patient- | 


ly and gently done—heavy pressure will 
only defeat the end in view. Great care 
should be taken in the selection of the 


pumice-stone, both lump and ground, as the 
slightest particle of grit or hard pressure 
will scratch, and thus cause hours of labor 
to be thrown away. 

In describing the material used for the 
purpose, we shall only describe that which 
we consider best suited for getting up the 


white or light-tinted enamel. There are 
several kinds of filling up color used and 
sold by the colorman, but most of them are 
of a dark color, not suited for light work, as 
they require so many coats of paint after- 
wards, to get a pure body of color, that it 
defeats its own object. In practice, we find 
it best to fill up from the first with the same 
tint of color we intend to finish'with, thus 
forming a solid body of pure color, which will 
bear much rubbing down without being 
shady. For all dark grounds, which have to 
be finished a dark color, the black or dark 
filling is the best. 

The tools and material required are as 
follows, viz : 

1. White lead ground in turpentine, and 
best white lead in oil. 

2. A clear, quick, and hard-drying varn- 
ish, such as best copal, Manders Brothers’ 
white coburg, and white enamel varnish, etc., 
ete. 


The work will not bear any hurry, | 


lead, ground in oil, as it helps to prevent 
eracking. Give the panel four or five coats 
of this mixture, leaving a sufficient interval 
between each coat to allow it to dry well. 
Let it stand for a few days, until it is hard 
enough to rub down. When it is ready, you 
/may rub it down, first with a soft piece of 
| lump pumice-stone and water, to take off the 
‘rough parts. Now use the felt and ground 
| pumice-stone, and cut it down, working the 
|hand in a circular form or manner. You 
| will require to exercise much care and pati- 
lence to rub it down to a level surface, and 
without scratches. When you have got it 
down level, if it is scratched or not sufficient- 
ly filled up, give it one or two more coats, 
laying it on as smoothly as you can, and rub 
down as before. If done properly, it will 
now be perfectly smooth, level, and free from 
scratches ; wash well down, and be careful to 
clean off all grit or loose pumice-stone. Now 
mix flake white from the tube with the before- 
named varnish, till it is of the consistency of 
cream. Give one coat of this ; when dry, give 
another, adding more varnish to it. Now, let 
this dry hard, the time for which will of 
course depend upon the drying qualities 
of the varnish ; some will polish in eight or 
nine days, but it is much the best to let it 
stand as long as you possibly can, as the harder 
it is the brighter and more enduring will be 
the polish. When it is sufficiently hard, use 
the felt and very finely ground pumice-stone 
and water ; with this cut down until you get it 
perfectly smooth; now let it stand for a 
|couple of days to harden the surface, then 
| take rotten stone, either in oil or water, use 
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this with the felt for a little while, then put 
some upon the surface of the silk boss, and 
gently rub the panel with it, renewing the 
rotten stone asrequired. It is always better 
to rub in a circle than straight up and down, 
or across. Continue this until you have got 
it to a fine equal surface all over; it will 
begin to polish as you go on, but it will be 
a dull sort of polish. Clean off—if the rot- 
ten stone is in oil, clean off with dry flour ; 
if in water, wash off with sponge and leather, 
taking care that you wash it perfectly clean, 
and do not scratch. You will now, after 
having washed your hands perfectly clean, 
use a clean damp chamois leather, holding it 
in the left hand, using the right to polish 
with, keeping it clean by frequently drawing 
it over the damp leather. Now use the ball 
of the right hand, press gently upon the 
panel, and draw your hand forward or to- 
wards you; if you do this properly, it will 
bring up a bright polish on the work, and 
every time you bring your hand forward a 
sharp shrill sound or whistle will be produced 
—if this is the case, you may be sure you 
are in the right path. Continue this until 
the whole surface is of one even bright 
polish. It will be some time, and will re- 
quire much practice, before you will be able 
to do this in the best manner; but with per- 
severance and practice the difficulty will soon 
vanish. A soft smooth skin is best for pol- 
ishing; if it is dry and hard it is apt to 
scratch. The latter part of these instruc- 
tions referring to the polishing, will, of course, 
apply to polishing upon imitation woods and 
marbles, or on any polishing varnish, using 
the varnish pure, of course. 


HEATING CARS BY STEAM. 


Translated from ‘* Polyt. Centralblatt.’? 


Practical experiments on a large scale 
have been made in Germany on this subject, 
especially by the Brunswick Government 
R. R., the Prussian Eastern R. R., the 
Hanoverian Government R. R., and the 
Lower Silesian R. R. 

On the Brunswick R. R. the steam was 
taken from the boiler of the locomotive, 
passing through a small cock of 1} in. inte- 
rior diameter, into a large pipe of copper 
about 20 in. in diameter. Two such copper 
pipes were laid lengthwise below the floor of 
each passenger car, and connected by hose 
with the pipes of the adjacent cars. The 
pipes were covered by a grate along the 
walking floor. Under the seats they were 





covered by a wide box of sheet iron open in 
front so as to let the heat into the compart. 
ment and to protect the seats from the im- 
mediate radiation. These arrangements ef- 
fected an increase of temperature in the cars 
of about 25° F., which is quite a favorable 
result. 

On the Prussian Eastern R. R. the heat- 
ing by steam of the passenger and baggage 
ears of the express trains was introduced in 
January, 1865. The steam is produced by 
a small tubular boiler standing in a com- 
partment of the baggage car, and is carried 
along the train through a, 1} in. pipe fixed 
to the lower part of the wagons. The maxi- 
mum steam pressure is 30 lb. The pipes 
are joined by caoutchouc hose between the 
wagons. The heating of the compartments 
is effected by hollow cylinders connected 
below with the above described main pipe. 
The admission of the steam into the cylin- 
ders is regulated by cocks or valves from 
the outside of the wagons. It has not been 
found convenient to have this regulation 
done by the passengers from the inside of 
the compartments, and all the arrangements 
put in at first for this purpose had to be re- 
moved. The temperature in the wagons can 
easily be increased 50° F. 

The steam pressure is very nearly the 
same over three wagon lengths, and conse- 
quently the heating power of the cylinders 
is about equal in the first three wagons. 
The above arrangements would therefore be 
sufficient for a larger number. No objec- 
tions nor difficulties of any importance have 
been met with in using this system. The 
trains are running regularly over a dis- 
tance of several hundred miles. The con- 
sumption of coal is about 14 lb. per English 
mile, thus causing but a very small expense. 

The Hanoverian Government R. R. runs 
daily two mail trains, with steam heating, 
between Cologne and Berlin. The steam is 
generated ‘in a small tubular boiler put up 
in a compartment of the baggage car. The 
heating pipes are laid through the cars 
lengthwise, their axis being about at the 
level of the floor. The wagons of one train 
contain four parallel pipes of wrought iron, 
those of the other train contain but two 
pipes of sheet iron. Both kinds of pipes 
have a diameter of 2% in. They are 
situated at a height of but one inch between 
the passenger seats, and located there im- 
mediately below the floor, so that a thin 
sheet of iron with which they are covered is 
even with the floor level. The emanation 
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of the heat takes place principally below the | low temperature to produce iron poorer in silicon 


seats, where the pipes are uncovered. This 
emanation can be lessened and regulated by 
valves so arranged as to cover the pipes 
more or less. The valves can be worked 
from the outside of the cars by the em- 
ployees, as well as from the inside by the 
passengers. Qn the first trial of these heat- 
ing arrangements the temperature of the air 
was raised from 41° to about 60° F. The 
consumption of coal amounted to 25 lb. per 
hour, during which time 175 lb. of water 
were used. The whole arrangement has 
been found good and convenient. Further 


experience will show if it will prove suffi- 
ciently effective in severe frost. 

The steam heating machinery actually in 
course of construction on the Lower Silesian 
railroad is similar in principle to that of the 
Hanoverian railroad. The details are not 
yet known. 8. 


IRON AND STEEL NOTES. 


ILICON AND SuLpuurR 1N Cast Iron.—The fol- 

lowing practical remarks, on the making of pig 
iron, are culled by the ‘“‘ American Exchange and 
Review,” chiefly from the new edition of Kerl’s 
Metallurgy, by Dr. Crookes : 

When casting pig iron in cast-i10n moulds (chills), 
it will be found that the least silicon is contained in 
the lower part of the pig, on the other hand most 
of the combined carbon ; whilst the upper part of 
the pig is richer in silicon and other substances 
which may separate. In such cases most of the 
manganese will also be found in the upper part. 
Upon casting pig iron in moist sand, the lower part 
of the pig is less modified. It is therefore advisa- 
ble to cast good forge pigs in cast-iron moulds 
forming thin plates. 

The following plans may be adopted for producing 
pig iron poor in silicon: Employing low tempera- 
tures and carbonizing the iron as perfectly as possi- 
ble; or if a higher temperature is required, employ- 
ing admixtures of lime to render basic the suffi- 
ciently aluminous mixtures from which silicon is 
reduced with more difficulty than from silicious 
mixtures poor in alumina; and, finally, adding 
manganiferous fluxes. The latter fluxes partly ren- 
der the mixture easier to fuse, and the manganese 
combines with the silicon and separates on the sur- 
face of the liquid iron. According to Lohage, 
manganese, as well as aluminium, also facilitates the 
separation of silicon at the smelting of cast steel. 

Good gray foundry pig iron may contain as much 
as two per cent of silicon; if containing a larger 
amount, it is harder and less strong, but it may be 
improved by remelting, when part of the silicon 
will be separated. Such iron, containing an excess 
of silicon, is fine grained, of light color, has but 
little lustre, and solidifies quickly. 

Forge pig iron suffers more loss by scorification 
the more silicon it contains; it may, nevertheless, 
be more advantageous to produce pig iron rich in 
Silicon and poor in sulphur, when treating impure 
ores at a high temperature, than by employing a 
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and richer in sulphur, as silicon may be more per- 
fectly separated than sulphur. The state of combi- 
nation of the silicon essentially influences the be- 
havior of the iron at its conversion into malleable 
iron. 

Lohage suggests that gray forge iron should con- 
tain at least two per cent of silicon in order to form 
a slag which shall thus preserve the iron from fur- 
ther oxidation; and as the silicon first oxidizes, 
time is allowed for the separation of sulphur and 
phosphorus. Forge iron containing about 1.5 per 
cent of silicon is not usually desirable. 

The higher sulphides lose in the upper parts of the 
furnace part of their sulphur, with iron, if iron is 
present in a reduced state, and if the temperature 
is sufficiently high. The sulphur in pig iron does 
not seem to be always combined with iron, but some- 
times with silicon. Schafhautl mentions an instance, 
that at the tapping of pig iron in the Tividale iron 
works, near Dudley, sulphide of silicon, of the com- 
position Si?S*, analogous to the oxide of silicon, was 
separated in the form of a whitish-yellow, spongy, 
earthy substance. The sulphur is frequently not 
divided uniformly in the pig iron, and in the com- 
mon pigs collects more in the upper part than in the 
lower part. 

Additions of lime whilst applying higher temper- 
atures, thus forming sulphide of calcium, which has 
the property of dissolving other metallic sulphides 
(sulphides of iron, manganese, etc.) , and of sending 
them into the slag. This re-agent is more effective 
if the sulphur is contained less in the ore than in 
the gangue, fuel and fluxes, as, in the latter case, 
sulphide of iron is not at first formed, but sulphide 
of calcium, which directly enters the slag. Slags 
produced at Hattingen, from iron pyrites of the coal 
measures, contained from four to six and a half per 
cent of sulphide of calcium. 


HE CHEMISTRY OF THE Buast Furnace.—The 

following are the principal points in the recent 
paper of Mr. I. Lowthian Bell, read before the 
Chemical Society: 

Scheerer, Tunner and Ebelman, who have made 
experiments on the subject, have laid down with 
apparent precision the parts of the furnace, and the 
temperatures at which the different stages of the 
manufacture of iron—the reduction of the oxide and 
the union of the iron with carbon—take place. The 
former is commonly supposed to happen at a very 
considerable temperature, while the latter is com- 
monly believed to take place in the hottest part of 
the furnace. Mr. Bell has arrived at conclusions 
altogether different. His results go to prove that 
the deoxidation of the ore takes place at a compar- 
atively low temperature, and that the carburization 
is effected long before the metal is liquified and 
separated from the slag. 

Mr. Bell dissents from Scheerer’s representa- 
tion of the various changes that go on in the blast- 
furnace, as taking place in zones; and he seems to 
attach much more significance to the term used by 
Scheerer than need be. The ‘ Mining Journal ”’ 
says: We are disposed to consider that the zones 
spoken of by Scheerer, where the reduction, car- 
buration and fusion of the metal take place, are so 
far real that they are at least relatively different 
parts of the blast furnace, not, indeed, definable by 
absolute lines, but still in a certain degree distinct. 
That in certain furnaces the zone of reduction should 
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tend to assume the form of an acute cone, rather 


than a layer with horizontal boundaries, is quite | 


conceivable; but whatever be the configuration of its 
vertical or horizontal areas, it is not the less distinct 
and different from the zones of fusion, carburation 
and calcination, where processes of a different nature 
are in progress. 

The attainable economy of fuel in smelting iron 
is another pvint to which Mr. Bell directed atten- 
tion. When it is considered that something like 
two and one-half tons of coal are consumed in pro- 
ducing one ton of pig iron, even when hot blast is 
used; and that to effect the chemical change of 


smelting, only eight hundred weight of coal are | 


needed, still leaving one-half of the heating power 
of that coal unapplied, and available for further use, 
the great importance of devising means of econo- 
mizing fuel in this operation will be obvious. More 
than four-fifths of the coal consumed in producing 
pig iron, is consumed in raising the temperature of 
the charge to effect fusion, and that is done under 
the most disadvantageous circumstances as regards 
production of heat. 

The gases escaping from the throat of a blast fur- 
nace have not only a large amount of unused heat- 
generating power, but they have also a temperature 
and reducing power capable of preparing ore for 
the subsequent processes of the blast furnace. In 
the Cleveland district economy in this direction has 
been carried to a considerable extent, by increasing 
the height of the furnace, and thus taking off the 
gas at a lower temperature than is sometimes the 
case elsewhere. But it is from the higher heating 
of the blast that greater economy is now to be looked 
for. The idea that hot blast deteriorates the quality 
of iron is now pretty well exploded, and there is no 
reason that some advance should not be made in 
effecting economy of fuel by this means. 


CCURATE Ro.iinG-MiLt Macuinery.—At length 
the managers of our finished ironworks are ar- 
riving at the just conclusion that most of the stop- 
pages by the breakdown of machinery result from 
inaccurate adjustment and rude construction. Con- 
sequently gearing of absolute accuracy, and of 
greater strength with less material, is now in de- 
mand, and the works where these are produced are 
busy in that especial department. There can be no 
doubt whatever that a vast economy will result from 
the use of such castings, even as there is much 
saving yet to be effected in the engine department 
of our mills and forges. So soon as the iron trade 
generally shall see that it is not economy, but, on 
the contrary, extravagance, to cast their wheel 
gearing at home upon the old models, and shall go 
to our best machinists for what they require, and 
pay a very much larger sum for it, weight per 
weight, then we shall have less cumbersome appa- 
ratus, worked by engines which do not consume four 
times as much steam as with different gearing would 
be necessary. The losses which have resulted in 
the past year from stoppages by the breaking down 
of the unwieldly machinery too frequently to be 
observed thundering in our ironworks. are, to our 
knowledge in certain cases, somewhat startling. 
They are the more so because at neighboring works, 
where a heavier first cost was not shunned, and 
where, as a consequence, light, easy and almost si- 
lent working machinery is in operation, the stop- 
pages have been of an insignificant character. 
The foregoing is from the correspondence of 


| "The Engineer.’’ The same lesson has been learned 
by our progressive iron workers in America—and 
| the result is the establishment of special manufac- 
tories of rolling mill machinery, such as that of 
| Matthews & Moore, in Philadelphia, where trains 
of rolls are fitted up with the accuracy and solidity 
that characterize marine engines. 


ie Rapcuirre Process.— An invention has re- 
cently been patented in England, by which it is 
| claimed that masses of iron or steel may be produc- 
| ed ofsufficient size to form girder, rail, shaft, armor 
| plate, &c., which will be homogeneous throughout, 
in so far that they will be without any weld, in the 
ordinary sense of the term. Some years since, the 
welding of two or more puddled balls into one, un- 
der a steam hammer, was practised in Wales, and 
more recently in America, for instance at the Alba- 
ny Iron Works; and by this means large masses 
were produced, but the process was not satisfactory, 
because the surfaces of the balls became oxidized, 
and good union could not always be secured between 
them in consequence. In the Radcliffe process, a 
number of puddled balls are worked together under 
a heavy steam hammer; but in the process here al- 
luded to the puddied balls are welded together in a 
furnace, when the iron is surrounded by a neutral 
flame, and the oxidation of the iron is thus pre- 
vented. It is contended, also, that the cost of pro- 
ducing rails, armor plates, &c., by this process will 
be much less than by the ordinary methods. It is 
difficult to explain the arrangements connected with 
the furnace, without the aid of diagrams, but we 
may briefly state that a hydraulic anvil is made to 
work horizontally through an opening in one side of 
the furnace, and on the other a steam hammer is 
made to move in a similar manner. Thus mechan- 
ical appliances can be brought to bear upon the 
manipulation of a large or small quantity of iron. 
By an arrangement of rolls in front of the furnace, 
it is proposed to roll the iron into shape without re- 
heating. The use of the hammer entering the fur- 
nace, to perform the welding in a neutral flame, was 
long since patented in America, by Alonzo Hitch- 
cock, of New York. 


| ger ge 1n Iron Castines.—Messrs. Munro 
and Adamson, of Glasgow, have patented some 
improvment in the mode of manufacturing articles 
now made of malleable or wrought-iron, steel, or 
cast-iron from re-melted pigs, foundry scraps, or 


direct from the blast-furnace. Chills of the shape 
required for the articles to be produced are provid- 
ed, and molten iron is run into them. As soon as 
solidified, and for the purpose of making the 
material very hard and dense, the casting may be 
taken from the chills and cooled in water or other- 
wise, or it may be allowed to remain in the chill for 
a longer period, or the chills may be surrounded 
with or cooled by water. In place of forming the 
chill castings of absolutely crude iron, the iron 
before being cast may be partly refined by blowing 
atmospheric air into its mass, or by placing com- 
pounds of oxygen into the vessel or furnace wherein 
it is refined. The chilled castings are afterwards 
annealed or tempered, thus producing a material 
possessing many of the properties of wrought, 
forged, or malleable iron, but avoiding the costly 
manufactureof iron now in use.—Mining Journal. 

If we had not tried a part of this invention with- 
out success,we might believe it new and useful.— 
Ep. V. N’s Mag. 
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RYOLITE IN IRON Furnaces.—The ‘ Colliery | cast iron standard bolted down upon a bedplate, and 


Guardian ”’ contains the following paragraph : 

“ An invention patented by Messrs. James Bow- 
ron and George Lunge, of England, consists of 
mixing fluoride of calcium, the same being obtain- 
ed artificially or in the form of a native fluor spar, 
or the mineral known as “ cryolite,’”’ either in a 
state of fine division or otherwise, with the materials 
used in blast furnaces, for the purpose of removing, 
wholly, or in part, the phosphorus contained in the 
pig iron to be obtained therefrom. The invention 
further consists in using fluoride of calcium in pud- 
dling and other furnaces, to aid in the manufacture 


of wrought-iron and steel by the removal of the | 


phosphorus contained therein. The phosphates 
resulting from such treatment may be utilized as 
manure.” 

We hear that the ‘‘ Stevens Flux,’ notorious in 
this country for its brave promises and halting per- 
formances in the extraction of “more gold than 
could be found by ordinary assay,” has already 


found a sphere of real usefulness in the metallurgy | oe ~ ‘ ner 
| determination of most of the usual impurities. The 


|iron is reduced to as minute a state of division as 


of iron—though we are not prepared to say that its 
application is novel or that its employment at the 
price charged for it will prove economical. As we 
have often said, whatever good qualities the Stevens 

- Flux possesses are probably shared by native fluor 
spar ; and now, for the consolation of Col. Stevens, 
we will reverse the case, and say that whatever ad- 
vantages the above patent of Bowron and Lunge 
presents, are probably shared by his Flux. What’s 
sauce for the goose is sauce for the gander.— 
American Journal of Mining. 


oaTING Iron witH Brass.—A new process has 

just been patented of coating iron with brass, 
copper, silver and other metals, which bids fair to 
work almost a revolution in some of the trades of 
Birmingham. One method heretofore employed 
is veneering—if that term be applicable to metal— 
but the expense and difficulty attending it have been 
an objection to it from the first. Electro-plating by 
various processes has been attended with much 
greater success, but even this coating is not so du- 
rable as could be desired. What has long been 
wanted is a method of coating iron with brass or 
silver, as readily as it is now coated with tin, and so 
as to render it equally durable. This has been at 
length successfully accomplished by a Wolverhamp- 
ton patentee with remarkable success. The process 
adopted is that of immersion, but of course the de- 
tails of the invention are for the present kept secret. 
I have seen, says the correspondent of ‘‘ The Engi- 
neer,’’ some sheets of iron which have been coated 
with copper on this principle, quite equal, for all 
practical purposes, to sheets ot copper. They will 
bear stamping into all imaginable shapes, and even 
burnishing, without removing the copper coat, the 
latter having to all appearance eaten its way into the 
inferior metal. Coated iron on this principle will 
supersede brass and copper to an enormous extent, 
for while it will be equally serviceable, it will be 
40 per cent lower in price. 


HE Durometer.—An instrument for testing the 
hardness of metals, by drilling, has been invent- 

ed, says the ‘‘ Builder,’’ by M Behrens, an engineer 
of Tarbes. in France. It is said that it has been 
thoroughly tried, and that many French contracts 
for rails now contain a condition that they are to be 
tested by this apparatus. It consists of an upright 








provided with a table for supporting the rail or 
other article to be tested. The spindle of the drill- 
ing tool is capable of being raised and lowered in its 
bearings by turning a handle for that purpose, and 
the drill is held down to its mark by a weight fitted 
to the upper end of the drilling spindle. Its rotary 
motion is derived, through a pair of mitre wheels, 
from a driving shaft carrying the usual fast and 
loose pulleys. This shaft has a worm upon it which 
moves a train of mechanism, in connection with a 
signal gong, for the purpose of indicating the num- 
ber of revolutions made by the drill. The appara- 
tus is exceedingly compact. Its use by French 
manufacturers has led to a gradual increase in the 
hardness of the rails they produce. 


es THE ImpuRITIES IN IRonN.—Gintl gives 
a very easy method of determining the impuri- 
ties in cast iron. It is applied by him to the esti- 
mation of the sulphur contained in the iron, but, as 
will be seen, it is available for the separation and 


possible, and is then treated with a strong solution 
of perchloride of iron, as nearly neutral as possible. 
The mixture is kept heated for ten or twelve hours, 
at the end of which time almost all the iron will be 
found to have dissolved, leaving, as a residue, the 
carbon, sulphur, phosphorus and silicium, together 
with the little iron left undissolved. This residue 
has only to be well washed, oxidized and dissolved, 
and the sulphur estimated as sulphate of baryta. 
The exact plan directed by the author is to intro- 
duce the residue and filter into a porcelain crucible, 
having, at the bottom, three parts of nitrate of pot- 
ash and one part of hydrate of potash; heat to fu- 
sion, dissolve and precipitate with chloride of bari- 
um. The phosphorus and silica will be contained in 
the same solution, and can be determined separately. 
—Mechanics’ Magazine. 


New Facr in tHe Benaviour or Iron.—Mr. 

Gore has noticed a new fact in the behaviour of 
iron under the influence of heat and of strain. A 
strained iron wire was heated to rednesss by a cur- 
rent of voltaic electricity, and then, the current 
being discontinued, was allowed to cool. It was 
observed that there arrived a moment in the process 
of cooling at which the wire suddenly elongated, 
and then gradually shortened, until it became per- 
fectly cold, remaining, however, permanently 
elongated. No other metal besides iron exhibited 
this peculiarity, which Mr Gore attributes to a 
momentary molecular change, and he points out 
that this change would probably happen in large 
masses of wrought-iron, and would come into 
operation in various cases where those matters are 
subjected to the conjoint influence of heat and 
strain, as in various engineering operations, the 
destructions of buildings by fire, and other cases. 
The phenomenon deserves a further investigation, 
since every fact relating to iron is of importance to 
us.—Mechanic’s Magazine. 


;\FFECT OF PHospHorvus oN Iron AND STEEL.— 
With respect to the influence of phosphorus and 
slag in iron, Professor Styffe has a theory that the 
diffusion of slag through iron containing phospho- 
rus, has a beneficial influence in counteracting the 
injurious effect of the phosphorus. The results of 
experiments as to the influence of this material 
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upon the tenacity of iron, agree pretty closely 
with those of Karsten and others. The author 
says: ‘‘ The tensile strength of iron is not sensibly 
impaired by the presence even of 0.2 or 0.3 per 
cent of phosphorus, provided the metal has not 
been strongly heated after having undergone the 
operation of rolling or extension by other manipu- 
lation.”” He even maintains that the presence of 
even a considerable quantity of slag or cinder in 
iron impregnated with phosphorus is beneficial, by 
preventing the largely crystalline structure which 
would otherwise result from the presence of that 
element. With respect to the influence of phos- 
phorus in steel, the author, on the contrary, con- 
firms the opinion that it is injurious, rather than 
beneficial, and says that he knows no authenticated 
instance in which the proportion of phosphorus has 
been higher than 0.4 per cent in what has been con- 
sidered as good steel. 


. a Sreet.—It is many years since Mr. 
Mushet proposed to alloy iron with tungsten in 
the formation of steel. We reported a year or two 
ago that Mr. Leguen, in France, had made experi- 
ments with the same alloy, employing iron converted 
by Bessemer’s process. Then he used a common 
gray pig, not fit for conversion, but produced, 
nevertheless, an alloy of very good quality. Lately, 
he has continued his experiments, now employing 
good white cast iron, and has produced a steel of 
excellent quality. A portion of the iron is first 
alloyed with one-tenth wolfram, in a cupola furnace, 
and is added to the rest in the converter. The con- 
version is carried further than usual, so that the 
carbon is reduced to one-half the ordinary propor- 
tion. The steel so produced is soft, but very tough, 
and tempers remarkably well. Mr. Leguen men- 
tions that it will be found extremely useful for 
machines, some parts of which require to be tem- 
pered, while others are kept soft. The objection 
brought against this alloy is that it is expensive, 
but the amount of tungsten employed by Mr. Leguen 
is so small—only 0.55 per cent—that it can make 
but a very small addition to the cost of the steel.— 
Mechanic’s Magazine. 


ee BoILER-PLATES BY THE SAXBY METHOD. 
—During the past year the Saxby method of 
detecting flaws in iron, by the deflection of a mag- 
netic needle, has been experimented with in Eng- 
land with especial reference to the detection of flaws 
in boiler-plates. In one of these trials a piece of 
partly used plate, that had successfully withstood 
all the Admiralty tests, was shown by the new 
method to possess a weak point; the existence of 
the defect and the efficacy of the method being sub- 
sequently proved by a re-examination of the plate 
by mechanical means. So successful have been the 
trials thus far made, that Mr. Saxby is led to claim 
for his method the attribute of infallibility.—Ame- 
rican Artizan. 


7 RENOVATE OLD FiLes AND Rasps.—A file or 
rasp worn smooth is immersed for a time in a 
mixture of one part nitric acid, three parts oil of 


vitriol and seven parts water. The time it must be 
allowed to remain in this acid bath depends upon 
the quality of the metal. A very hard steel will 
require a longer immersion than a soft fine-grained 
metal. The tool is then well rinsed in water, and 
then (to ensure the perfect removal of the acid) in 











milk of lime. It is afterwards to be dried, and the 
lime is brushed away. When new files are made by 
this plan, they require a littie additional treatment 
to protect them while in stock. After they have 
been carefully dried, and the lime has been brushed 
away, they are to be brushed over with a mixture 
of olive oil and turpentine, and, lastly, well rubbed 
with very fine charcoal powder. Any one would 
imagine that the aeid, acting equally on all parts, 
wouid simply dissolve away some of the metal, and 
leave the file as smooth and useless as before. 
But such, we are assured, is not the case. Files 
may be renovated over and over again, and are al- 
ways as good as new.—Mechanic’s Magazine. 


Vastine a 70-Ton Anvit Birock.—At the new 
Steelworks at Landon recently, a 70-ton block 
for a steam hammer, was successfully cast by Mr. 
Williams of St. Helen’s Works Swansea. Two 
cupolas were specially erected at a suitable distance 
to enable the metal to run directly into the mould. 
Operations commenced at an early hour, and by a 
quarter to 10 a. m. the charges began to follow each 
other at regular intervals at three-quarters of an 
hour up to 9 p. m., at which time the block con- 
taining seventy tons of iron was finished. This is 
the largest casting ever made in Wales. The di- 
mensions are 11 ft. 6 in. by 9 ft. 6 in. at base, and 
7 fl. 6 in. high, and it will occupy from two to three 
weeks to cool sufficiently to allow it to be reversed, 
it having been cast base uppermost. Trunions 
joining part of the casting are so placed that it will 
simply be turned upon its own axes. 


‘| we Sremens-Martin Process in FrancE.—The 

Terrenoire Ironworks have now four Martin fur- 
naces in operation. Ere now this process has been 
carried on, introducing scraps of Bessemer steel 
into cast iron. It is necessary, of course, that this 
cast iron be entirely free from phosphorus. Some 
trials have been made in the use of worn out rails 
instead of Bessemer steel, but that has been a com- 
plete failure. The rails were exceedingly brittle, 
and the railway companies have forbidden the mix- 
ture of old iron rails with the Bessemer steel used 
in the Martin process. This difficulty might be 
avoided with good iron obtained from a cast iron 
free from phosphorus, but the price of the steel 
would be greatly increased. This process will be 
very useful to the makers of Bessemer steel, ena- 
bling them to get rid of their scrap.—Correspond- 
ence of The Engineer. 


RAILWAY NOTES. 


| pone’ Cars with CHANGEABLE Gauae.—A 
new through freight line between Boston and 
Chicago, called the ‘‘ National Despatch Line,” are 
now running a through line of changeable gauge of 
freight cars, between those cities, passing over the 
Boston and Lowell and Nashua, Concord, Northern 
(N. H.), Vermont Central, Montreal and Vermont 
Junction, Grand Trunk and Michigan Central Rail- 
ways, comprising the 4 ft. 84in., and 5 ft. 6 in. 
gauges. One hundred of those cars are now in use 
on the line ; a part of which have been running 
since the lst of January very successfully and sat- 
isfactorily, and it is intended immediately to in- 
crease the number of cars to five hundred, and 
aiterwards to further increase the stock as the busi- 
hess requires. 





_ 
Z 
— 
N 
< 
S 
~ 
a 
oS 
Zz 
— 
ion] 
= 
Z 
—_— 
pe) 
Z 
ao 
2 
a 
a 
=< 
==} 
e 
n 
i) 
A 
ZA 
= 
> 





‘ 
iQ 
4 
1S) 
= 
= 
_— 
- 
PS 
5 
a 
z 
=< 
oe 
=} 
= 
_ 
a 
~ 
; i 
ae 
nN 
Zs 
EE 
S 
ae 
Soa 
= 
= 
Hs 
© < 
z3 
OA 
Oo wm 
1c) 
ee 
a 
~ 
ll 
S 3 
<i 
— 
° 
e 
x 
ia 
2 
fa 
= 
= 
= 
n 
ro) 
- 
— 
& 
= 
C 
= 
™ 
= 
) 
° 


ENGLISH LINES. 


Half-year ending January, 1869. 
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VAN NOSTRAND’S ENGINEERING MAGAZINE. 





our CoupLep Express EnGINE—PARIS AND 
Lyons Raitway.—This type of engine may thus 

be generally described: Outside horizontal cylinder 
17.33 in. in diameter by 25.6 in. stroke, four driving 
wheels 6 ft. 6.2 in. in diameter and 6 ft. 10 in. 
apart, and a pair of leading wheels 3 ft. 11.66 in. in 
diameter and 6 ft. 2.4 in. forward of front drivers. 
The driving wheels have only two springs, the axles 
being connected by compensating beams. The fol- 
lowing particulars (and also engravings) appear in 
‘The Engineer ”’ of May 21, 1869: 
in. 
4 
34 
0 


? 


Length fire grate . 

Width do 

Surface of grate in square feet .... oe 
Height inside copper fire-box near the 


OP, Ro COO 


BUDE occeccccccccccceccccscs 
Height near the door......... cccvce 
Length at the top. 

Length at the bottom 

Width . seeee 
Thickness of side plate. oeeccces 
Thickness of door plate 

Thickness of — tube plate at the 


coo 


top.. 

Thickness of copper tube plate at the 
bottom 

Number tubes. 262. cccccccccccccccs 

Outside diameter ..........00 e000 

Thickness ... 

Length between plates 

Length outside fire-box ... 

PO BE OD B00 oo.5c.cccc csivece sees 

Width at the bottom........... 6... 

Thickness .... 

Outside diameter small plates of shell, 

Length of shell...... aimenamem esas 

Height of the centre above the rails.. 

Steam pressure..... ersebeeae 

Diameter of each of the two "safety 
ValveS....0.. ‘ 

Heating surface fire- ‘box. square feet. . 

do tubes, square feet . 

do total... 

Inside diameter chimney..... 

Height above the rail............00- 

Transverse distance frames... 

Thickness do 

Total length of the engine .......... 

_ Diameter of leading wheels . 
Diameter of driving and trailing wheels 

Distance from leading to driving wheels 

Distance from driving to trailing wheels 

Total wheel base ......... . 

Transverse distance between wheels. . 

Transverse distance between centers 
of journals........ 

Length of journals of leading wheels. . 

Diameter of do do do 

Length of journals of driving and trail- 
ing wheels.......+.++ 

Diameter of journals of driving and 
trailing wheels ... 

Number of plates in springs of driving 
WOES oc cccceccvecccesoescecsce 

Thickmess .....ccccccccs ssccccceee 

Width .cccccccccccccccccccvcccce 


_ 
for} 
oo oro SO 


— 


4 
4 
3 
0 
4 


— 
SOD PWOADMA ws 





ad 


Length driving spring plates........ 
Number of plates in springs of leading 
wheels 


— 


aDwreonoo- 


WIG 2. cccccccese 
EMBER. occccccceecece ctcececcccee 
Camber ec esccocsccess 
Diameter of cylinders. cee cceseecces 
Length of connecting rod 
Transverse distance between eoutane of 

Cylinders ......ecccecsececcecces 
Angle of advance of eccentrics ...... 
Throw of eccentrics......... ° 
Stroke of slide valves in full gear.... 
Inside lap of slide valves. ..... 
Outside lap of slide valves .......... 
Length of steam ports........ ..+++ 
Width of steam ports ....... 
Width of exhaust ports ....... 
Weight of empty engine ....... 
Length of connecting rod. . 
Diameter of connecting rod . 
Length of coupling rod on drivi ing 

WHEEIS .0ccccccce 3 
Diameter of con .pling ‘od on drivi ing 

wheels 
Length of coupling rod on trailing 

wheels ......-++. 0 
Diameter of coupling "rod on ‘trailing 

Wheels ...cccccccccccces sacsecse- © 


eeeee 


ice - 30 tons 8 cwt. 
8 43 
43 


Distribution of Weight in Working Order. 
tons. 


12 
12 


ewt. 
Leading wheels ..........00+05 
Driving wheels... ccccsscooccseeccce 
Trailing wheels .....+e.--eeeeeeeeecs 


These engines run at an average speed of forty- 
five miles an hour, traversing inclines of 1 in 200 
with trains weighing 115 tons, exclusive of the 
tender, which weighs twenty-three tons in working 
order. They are very steady, and the company 
have been so well satisfied with their working, that 
after a first supply of fifteen engines, fifteen more 
have been ordered. 


: ies RatLroaps or THE Unitep Srates.—From 
acomprehensive abstract in the New York 
‘‘Times,’’ of Mr. Henry V. Poor’s new work on Rail- 
roads, we compile the following statistics: There 
were in vperation in all the States, on the Ist day 
of January, 1869, 42,255 miles of line, the cost of 
which, at $44,000 per mile, equaled $1,800,000,000. 
The total amount of net tonnage transported over 
them for the year equaled 75,000,000 tons, having 
a value of $10,472,250,000—a sum equaling six 
times their cost, and more than four times greater 
than the whole amount of the national debt ! 

The construction of these works upon a grand 
scale commenced with the discovery of gold in 
California, in 1848. The number of miles in oper- 
ation in the country, on the 1st day of January of 
that year, was 5,599. The mileage annually con- 
structed from the opening of the first section (23 
miles) of the Baltimore and Ohio Railroad in 1830, 
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to 1847 inclusive, equaled 311 miles. The yearly 
average opened from 1848 to 1860, inclusive, equal- 
ed 1,925 miles—the aggregate opened in this period 
being 25,037 miles. During the war the number of 
miles built equaled 3,273, or 818 miles annually. 
Since 1864, 8,347 miles have been opened, or 
2.086 miles annually. The number of miles opened 
the past year equaled 2,979 miles. 

There are in progress fully 15,000 miles of line, 
of which at least 5,000 miles will be opened the 
present year. 

The ratio of mileage of these works to our total 
population is as 1 of the former to 876 of the 
latter. The ration in the New England States is as 
1 to 846 ; in the Middle, 1 to 1,037; in the South- 
ern, 1 to 969; and in the Western, 1 to 731. The 
State of New Hampshire has 1 mile of railroad to 
500 inhabitants; the State of Nebraska, 1 to 163; 
and the State of Florida, 1 to 348. 

The State having the largest proportionate mile- 
age is Massachusetts, which has 1 mile of road to 
5.47 square miles of area. The State of Ohio has 
1 mile of line to 11.76 square miles. A ratio simi- 
lar to that for Massachusetts would give te the 
whole country 600,000 miles of line. One similar 
to that for Ohio, 300,000 miles. The total amount 
of net tonnage transported over all the railroads of 
the United States for the year 1851, did not exceed 
5,500,000 tons. The rate of increase from that 
year to the close of 1867, in which year 75,000,000 
of tons were transported, exceeded 1,300 per cent. 
The tonnage traffic of all the roads in the country 
in 1858 equaled 18,750,000 tons. The increase in 
the decade commencing with this year consequently 
equaled 300 per cent traffic. 

The value of the tonnage for 1867 is estimated to 
equal that of the several classes of freight!transport- 
ed on the Erie canal for that year, (the value o. 
which is carefully ascertained,) or $139.63 per tonf 
The aggregate value of the tonnage of all the roads 
equaled, consequently, the enormous sum of $10,- 
472,250,000. At a similar estimate the value of 
the tonnage transported in 1851 equaled $765,236,- 
725; in 1858, $3,096,762,500. The total increase 
in value of the tonnage transported in 1867 over 
that transported in 1851 equaled $9,707 ,013,275, 
and $7 375,487 ,500 over that transported in 1858. 

Our railroads transport, on an average, 2,000 
tons to the mile. The tonnage of the railroads of 
Massachusetts, for 1867, equaled 5,394,137 tons, or 
3,853 tons to the mile. That of the railroads of 
New York equaled 10,343,681 tons, or 3,501 tons 
to the mile ; that of the railroads of Pennsylvania 
equaled 35,383,370 tons, or 7,864 tons to the mile. 
The tonnage borne on the railroads of those States 
having a mileage of 8,750 miles equaled 51,121,140 
tons, or 5,826 to the mile. The tonnage of most of 
the great roads far exceeded the estimate. The 
aggregate amount transported could not have been 
less than 100,000,000 tons. 

Over ordinary highways wheat will bear trans- 
portation only 250 miles; Indian corn only 125 
miles. Upon railroads these, the most valuable of 
our cereals, will bear transportation 3,200 and 1,600 
miles, respectively. The area of a circle drawn 
upon a radius of 125 miles equals 49,077 square 
miles; that of a circle drawn upon a radius of 1,600 
miles, 8,042,496 square miles. 

The total earnings of all the roads in the United 
States in 1851 equaled $39,406,358. The receipts 
from freight and passengers were almost exactly 





balanced. The earnings from all sources in 1867 
were $400,000,000, of which $280,000,000 were 
received trom freight, and $120,000,000 from pass- 
engers. The rapid increase of earnings from freight 
is a most favorable feature. The earnings of the 
English railways in 1851 were $73,000,000, of 
which $35,000,000 were from freight, and $38,000,- 
000 were from passengers. In 1867 their total earn- 
ings were $190,000,000, of which $105,000,000 were 
from freight, and $85,000,000 from passengers. 
The ratio, in this country, of earnings from freight 
to earnings from passengers is as 2.2 to 1; in Eng- 
land is a little over 1.1 to 1. 

The earnings of American roads are more than 
twice greater than those of England. The railroad 
mi.eage of that country in 1867 was 14,247; in the 
United States, 39,276. The cost of the former, 
equaled very nearly $2,500,000,000, that of the 
railroads of the United States, for the same year, 
$1,700,000,000. The earnings of the English roads, 
upon their cost, equaled 7.86 per cent ; those of 
the United States very nearly 25 per cent. The 
English roads, however, have a great advantage 
over our own in operating expenses, their net earn- 
ings, as a rule, fully equaling one-half of the gross 
receipts. In this country the net cannot be esti- 
mated at over 30 per cent of the receipts. The 
following statement presents in detail the various 
items entering into the cost of operating the rail- 
ways of the two countries—the railroads of the 
State of New York being taken as representing 
those of our own: 


Items of cost per train, mileage of running trains 
upon the railroads of New York and Great 
Britain for 1867 : 

New York. Gt.Britain. 
Cents. Cents. 

Maintenance of way, including 
ION .. 0 pcccccccceeecccess 

Repairs of engines and materials 

Repairs of cars.......22.see0. 

Wages of engineers and firemen 

Fuel] ...ccvcccccccedcccscccs 

Local taxes...cccccccsccccce 

All other charges...........- 


49.50 
17.35 
21.18 

8.36 
21.60 

5.50 
42.62 





Total...cccccccccccccece 166.00 


The preceding statement shows the cost per 
mile of operating the railroads of the State of New 
York to be two and a half times greater than that 
of operating the railways of Great Britain. The 
earnings of our roads, however, per mile run are 
nearly twice greater—the average earnings of the 
former being $1 25 per mile ; of the latter about 
$2 30 per mile. The most startling difference in 
the items of cost is in the matter of fuel ; the cost 
of the same in this country being 21.60 per mile, in 
England 3.42 per mile. 

In 1880 the population of the United States will 
equal 50,000,000. Its railroad mileage will equal 
70,000 miles. At the estimate of only 2,000 tons 
to the mile their aggregate tonnage will equal 140,- 
000,000 tons, having a value of more than $20,000, - 
000,000, while our population is increasing at the 
rate of 1,200,000 annually. 


bes New York Centrat Company recently paid 
a million of dollars for four acres of land for a 
terminus in New York. 
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LF gpsceny “se or THE Paris, Sceaux AND Lim- 
ours Raitway.—This railway has curves of 
82 ft. radius. The engines have four driving wheels, 
but the wheels on the opposite sides are independ- 
ent of each other, and are driven by two cylinders 
for the right and two for the left pair of wheels. 
The driving tyres are 12 in. wide, without flanges. 
The leading and trailing wheels are flanged, and are 
loose on the axle, (which is free to turn raidally to 
the curve), and they are fitted with “guiding 
bogies’? which have wheels lying nearly horizon- 
tally and bearing against the inner edge of the rails. 
The following are particulars of the engines, from 
‘* Engineering,” January 29, 1869, in which paper 
the machinery is illustrated. 
Engines with four 
cylinders, built in Engines 
1855, and subse- at Ivry 
quently altered. in 1867. 
ft. in. ft. in. 
11 
20 


Cylinders: 
Diameter. ....cccccccccccscecs 
Stroke. ....e cece 3 
Distances between centers 
Total width of engine 

Wheels : 
Diameter of leading and —s 

WHOS . cccccccccscccece 

Diameter of coupled wheels. 
Length of wheel base........ 

Boiler : 
Diameter of barrel.. 
Number of tubes.........-+0. 
Diameter.... 
Length ......... 
-- of top of firebox above 


ee eee eee eeeee 


eeeeeareee 


eee eres eeee 


Length of grate. eee eccccecees 
Width .....ccecsccee 
ATOR... osccccccccccesossosccs 100g. 
Heating surface ; tubes 

(outside)............ 744 
Heating surface; firebox. 56 


Total....eeeeeeee- 800 

Weight in working order : 

10.3 

12.0 

12.0 
8.7 

40 43.0 

24 24 


On leading wheels......... pean 
On front pair of coupled wheels... 12 
On hind pair of coupled wheels.. 12 
On trailing wheels........-..... 8 
Total weight. .......0+...06 
Weight available for adhesion.... 
Capacity of water tanks......... 880 gallons 
Quantity of coal carried..... soee 24 tons 


One of the engines was subjected to some trials 
with a train of forty carriages. In passing round 
the terminal curve of 25 metres (82 ft.) radius, this 
train covered three-quarters of a circle; seven car- 
riages projecting beyond the engine and half the 
train proceeding in the opposite direction to the 
latter. In another trial a train of thirty-seven 
carriages carrying 1,200 soldiers, run from Bourg- 
la-Reine to Orsay round the terminal circle at the 
latter place, ascended the incline of 1 in 180, and 
returned to the point of departure in 48 minutes.— 
The distance run was 28 kilometres, or about 174 
miles, so that the average speed was about 242 miles 
per hour. The reverse curves at Palaiseau (328 ft. 
radius) was traversed at 25 miles per hour, and the 





terminal circle at Orsay at a speed of from 7 to 8 
miles per hour. The total mileage run during the 
year is 236,000 kilometres, or 160,000 miles. The 
cost of maintenance of the carriage stock is 0.3 
francs per kilometre, or 4.8d. per mile, and the cost 
for lubrication 0.18 francs per kilometre, or 2.88d. 
per mile. The cost of traction varies from 0.8 to 
0.9 francs per kilometre, or from 12.8d. to 14.4d. 
per mile. 

This system of locomotives and cars (similarly 
constructed) is that of M. Arnoux, and it has been 
in regular and successful operation for some fifteen 
years. 


Sz v. “Best” Iron Raits.—In the autumn 
of 1867, Captain Tyler and Mr. C. W. Eborall 
visited the Grand Trunk Railway of Canada and 
reported in great detail upon its financial, structural, 
and mechanical condition. Upon the question of 
rails, Captain Tyler observed in his report : 

The difficulty of obtaining durable rails of iron 
has of late years been very generally felt, and has 
induced an outcry for steel rails in quarters where it 
would not otherwise have been heard. Much trouble 
has resulted, and much expense been incurred, for 
the want of rails of good quality in England, and 
still more inthe United States, and in Canada. . .. 
In Canada, as elsewhere, after the failure, from 
lamination, of steel-headed rails, it has been con- 
sidered that it would be better economy in the end 
to lay down steel rails than to continue to use iron 
with such lamentable results. . . . But I have, 
after careful inspection and inquiry, become con- 
vinced that iron rails of appropriate form, of suita- 
ble and reasonably good quality, and of sufficient 
hardness in the heads, may be made to last on most 
parts of the main line for fifteen years, and on the 
average of the Grand Trunk Railway for very much 
more. . . . The chance of procuring new rails of 
superior quality lies probably in insisting on a longer 
term of guarantee for the rails supplied, in employ- 
ing the most reliable manufacturers and in paying 
a price commensurate with the value of the article. 
No manufacturer need have any fear of prolonging 
the guarantee to seven or even ten years if he only 
furnish a suitable rail. 

The practical result of Captain Tyler’s recom- 
mendations is not at all, however, what was wished, 
and it proves that the “outcry” for steel rails, to 
which he refers, was more than well founded. In 
the company’s last report the directors remark : 

The directors regret that the rails sent out from 
this country in 1867, purchased from the best 
makers, are not giving satisfaction. The directors 
took every precaution to secure the best rails which 
could be made, and exacted guarantees from the 
makers which they are putting in force. The small 
quantity of steel rails sent out in 1865, although 
placed on a part of the line where the traffic is very 
heavy, show no signs of giving way. 

The engineers of the company, Messrs. E. P. 
Hannaford and J. F. Barnard, in their report to the 
directors, state that, 

The rails latterly re-rolled in the United States 
and Toronto have proved superior to new rails im- 
ported from England. This is a very important 
fact, as we are of opinion new rails made from ores 
direct from the mine should be better in every 
respect than rails made from old material, which, 
from successive re-heating and the mixture of dif- 
ferent qualities of iron, must of necessity prove 
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inferior to rails made from new iron properly manu- 
iactured. In former years imported English rails 
have stood the test of our climate with success, 
although of lighter section than those now laid ; and 
we are unable to understand why English rails can- 
not now be made to stand, and must press upon you 
the urgent necessity of insisting upon the works 
employed to make rails for us in England turning 
them out better than those imported during the past 
two years. The complaint we now make about the 


quality of English imported rails is almost universal | 


among all railway companies in the United States 
and Canada. The one-third of a mile of Bessemer 
steel rails laid in 1865, near Kingston, continue to 
show no failure ; not one rail has been replaced, or 
likely to be for years, although the traftic at this 
place is more than ordinary. Some of the best iron 
rails laid at the same time and locality as the steel 
have had to be removed, and others, considerably 
worn, must come out this year. The general condi- 
tion of the track and works, as compared with former 
years, is satisfactory, but we would again call your 


earnest attention to the question of the quality of 


imported rails, as, until we get English rails to stand, 
the annual cost of renewals of iron must of necessity 
continue heavy, and during the present year we 
must incur a large outlay, owing to the bad quality 
of most of the English rails, and their need of be- 
ing replaced before they have lasted even the lowest 
average.— Engineering. 


UTIES ON PASSENGERS AND TONNAGE.—Mr. Ash- 

bel Welch, General President of the Camden 

& Amboy & New Jersey Railroad Companies, states 

a very large case in a very few words, in Appendix 
G. of the late report of the said companies : 

When these companies were incorporated, during 
the infancy and inexperience of railroad legislation, 
it was unfortunately provided that they should be 
taxed by transit duties on passengers and tonnage. 
This amounted to ten cents per passenger, and 
fifteen cents per ton between the Delaware and Rari- 
tan, and twenty-seven cents per ton, and not quite 
fifteen cents per passenger, between the Delaware 
and Jersey city. While only passengers and high- 
classed goods were carried by rail, this tax was not 
so severely felt; but when, contrary to the contem- 
plation of the law, low-classed tonnage sought the 
rail route, its embarrassing and paralyzing effect 
was found to be greater than any one, not called 
upon to deal with the subject, can readily under- 
stand. 

Where there is no tax on tonnage, it is the true 
interest of railroad companies to make a moderate 
profit per ton on a large tonnage. rather than a 
larger profit on small tonnage; for the increase of 
tonnage and consequent increase of intercourse in- 
creases their other business. But a tax on tonnage 
prohibits, or at least limits, this policy. For ex- 
ample: if the profit on one ton of railroad iron, be- 
tween Trenton and Jersey city, is fifty cents, without 
transit duty, then, with the transit duty of twenty- 
seven cents, it becomes twenty-three cents net to 
the companies. But if, by reduction of rates, the 
quantity is increased tenfold, as in this case is pro- 
bable (the cost in consequence being also reduced), 
and if the profit is then twenty-five cents per ton, 
without transit duty, the aggregate profit is $2.50, 
or five times as much as on the one ton; but, with 
the transit duty of twenty-seven cents per ton, there 
ensues a net loss of twenty cents on the ten tons.— 





So such a reduction, as is highly advantageous, 
without the transit duty, would be impossible with 
it. The transit duties on tonnage were, therefore, 
sometimes prohibitory—always restrictive in their 
operation—and cheap transportation was impossible. 
The odium of this fell mainly on the companies.— 
They were taxed excessively by an unexpected 
operation of the law, and punished by the public 
for being so taxed. 

Etforts, heretofore made to cure the evil, have 
failed. Public men have feared to touch the sub- 
ject, as the action required might endanger the 
revenues of the State. At last the companies ap- 
pealed to the people, and found them in advance of 
their representatives. It was not supposed possible 
to do more at first than to modify the transit duties 
on the lower grades of property. But with the un- 
expected support, and even pressure, of the people, 
and under the enlightened advice of the chief magis- 
trate of the State, the Legislature wisely abolished 
all transit duties, and substituted other taxation. 

The new law, in effect, commutes the annual State 
taxation of the companies at that of 1868, which 
was not quite $300,000. The annual increase of 
transit duties paid the State for the last eight years 
has been between $15,000 and $16,000. The new 
connections of the companies’ works, with the roads 
leading south and west, the pressure upon them of 
cheap property, at low freights, the diversion (con- 
sequent on the consolidation of the companies’ in- 
terest) of trafic to the Jersey city route, where the 
taxation was highest, tend greatly to accelerate the 
rate of increase of transit duty that would have been 
paid, in addition to the acceleration due to the gen- 
eral increase and returning prosperity of the country. 
Large as the fixed amount to be paid is, it is much 
smaller than the transit duty would have become in 
a very short time. 

But the greatest advantage of this change of tax- 
ation is, that it gives the companies the free use of 
their own works—removes the dam which has so 
much obstructed their traffic—allows them to in- 
crease their business without paying enormously for 
the privilege. The excessive disparity heretofore 
existing between the taxation of these companies 
and that of other railroad companies in the State, 
though not removed by this law, is prevented from 
increasing. The greatest burden was not the amount 
actually paid, but the amount that would have been 
paid if the roads had been worked to the best ad- 
vantage. 


—— Express Locomotrves—These engines 
are used for what is termed “ fast’ passenger 
traffic on the Rhenish railway. They have four coup- 
led wheels 5 ft. 6 in. in diameter. The leading wheels 
are 3 ft. 4 in. in diameter, and the total wheel base 
is 13 ft. 6 in., the distance between the centers of 


the coupled axles being 8 ft. 2in. The trailing 
axle is placed below the firebox, the firegrate being 
inclined ; and the driving and trailing springs are 
connected by compensating beams. The front ends 
of the two leading springs are also connected by a 
transverse compensating beam, which oscillates on 
a center below the front end of the boiler; and it 
follows from this arrangement that the engine is 
virtually carried on three points. All Borsig’s en- 
gines are supported on the springs in this way, and 
the same or equivalent arrangements are adopted 
on almost all German locomotives. 

The cylinders, which are 16 in. in diameter by 22 
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in. stroke, are outside ; and so also is the valve 
gear, which is of the “straight link’ kind. One 
peculiar feature in the boiler of the engine we are 
describing is the great height given to the firebox 
casing, a feature which has been extensively adopt- 
ed by Borsig, both for the purpose of giving addi- 
tional steam room, and adding weight to the engine 
at the hind end. In addition to the raised firebox 
casing the boiler is also provided with a dome 244 
in. in diameter and 3 ft. 5 in. high at the leading 
end. The front and back of the firebox casing 
above the firebox, and the smokebox tubeplate 
above the level of the tubes. are stayed by plates 
on edge secured to them by strong T and angle 
irons. The crown of the firebox is supported by 
being connected to transverse girders or stays, 
which extend across the firebox casing from side to 
side, and which thus serve as ties between these 
sides in addition to supporting the firebox crown. 
The barrel contains 171 tubes, 17 in. in diameter, 
and 11 ft. 14 in. long, these tubes being of iron with 
copper ends. The heating surface of the firebox is 
69 square feet, and that of the tubes (external) 930 
square feet, making in all a heating surface of 999 
square feet. The weight of the engine is 30 tons, 
empty, and 33 tons 14 ewt. when in working order, 
this latter weight being divided as follows: 
tons. 
11 
11 


cewt. 
14 

6 
14 


14 


On leading wheels.......---++e00. 
On driving wheels...... ..ssee-e- 
On trailing wheels,......... 

Total .... 


Seer eeeeeeeseses sees 


The engine is provided with a six-wheeled tender, 


weighing, empty, 114 tons. In the year 1867, 
Borsig supplied ten engines, of the class we have 
described, at the price of £2,650 per engine and 
tender, and last December he received a further 
order for twelve such locomotives at the price of 
£2,533 per engine and tender. This type of engine 
is illustrated in ‘‘ Engineering,’’ May 21, 1867. 


r. Scott RussELL AND RAILwAy FERRIES.—A 
little more knowledge of the facts, if not a rea- 
sonable amount of courtesy, would have saved some 
of our American newspapers, technical and other- 
wise, the discreditable mistake of abusing Mr. Scott 
Russell about what he has said and done regarding 
the introduction of railway ferries. The animus of 
the prime mover in this crusade against Mr. Russell 
may be observed in the wild way it goes about 
abusing that gentleman—for instance—by saying 
that the paddle engines of the Great Eastern were 
a failure, the fact being that they were a great suc- 
cess. 

It seems to ‘‘rile” the American eagle beyond 
all endurance, that Mr. Russell designed and exe- 
cuted a ship to ferry railway trains across Lake 
Constance, and then described it in a paper before 
the Institution of Naval Architects, and urged a 
similar means of transit between England and 
France. And why? Because the same thing was 
done in America before! To be sure Mr. Russell 
said in his paper, ‘‘ I must say that it is not me 
the English people have to thank for having made 
this experiment for them.’’ He described a work 
of his own, and as his own, when a similar work 
had been done in America —- That is his 
offense. Suppose he had built a North river steamer 
or a twin screw, and had then urged their farther 





adoption and magnified the details of his own work 
without claiming credit for the general idea. Should 
we have gone mad over that? The railway ferry 
is as notoriously of American origin as the North 
river steamer or the twin screw. Or must Mr. 
Scott Russell begin by praising American genius 
every time he speaks of his constructions of the 
American type ? 

Mr. Russell has, on several occasions, described 
the Havre de Grace railway ferry as a brilliant 
feature of American practice, and he has always 
been the admirer and advocate of the many good 
features in American marine and mechanical con- 
struction. A native yankee, “‘ with the stars and 
stripes grown onto his back,’’ could not have ren- 
dered more frequent and hearty, and possibly not 
more graceful, tribute to the American practice 
than Mr. Scott Russell has rendered, in his many 
speeches and writings, for the last fifteen years. In 
fact, the greater part of the literature concerning 
the American steamboat practice has been made by 
Mr. Scott Russell and his son. For an American 
engineer to abuse Mr. Scott Russell is simply dis- 
graceful. 


PPARATUS FOR TesTING Raiis.—Mr. Charles T. 

Liernur, formerly of Mobile, and now resident 

abroad, patented some nine years since, an appara- 
tus of which the following is the specification : 

“The object of my invention is to construct an 
apparatus in which the rail is subjected to a course 
of trials similar in its results to actual usage when 
laid upon the road. For this purpose I lay a cir- 
cular track composed of 3,4, or more rails (or 
pieces of rails), making a circle of from 20 to 30 or 
more feet in diameter. On this track I place a car 
supported by four, six, eight, or more wheels, all 
the axles of which point towards the center of the 
circular track. The wheels to be of the size, pat- 
tern and make as actually are to be used upon the 
road for which the rails are to be tested, and the 
car to be loaded with the weight per wheel equal to 
the greatest load they will have to sustain when in 
use upon the road. The vertical shaft to be weli 
braced, and to be strongly attached to the car, so 
that when a rotary motion is given to the former, 
this motion will be participated in by the latter, a 
beveled cog-wheel being placed at the top or bottom 
of the shaft for the purpose of revolving it by means 
of a stationary steam engine placed near by. 

‘* What is claimed as the invention is a railway 
car revolving by means of a center-shaft, and sup- 
ported by four, eight, or more wheels, the axles of 
which point towards said shaft, and running said 
car upon a circular track of railway rails for the 
purpose of submitting both rails and wheels to a 
test of usage.” 

This plan has recently been proposed in England 
by other parties, and it is to be hoped that the ex- 
periment will be carried out. 
nee Srock or THE CentRAL Paciric.—This 

, Company has now running 150 locomotives. 
Besides these there are seven partially set up in 
San Francisco. There are several more contracted 
for, yet to arrive. The engines, in running order, 
are from eleven different makers, the largest num- 
ber from one firm being 47 from McKay & Aldus, 
28 from the Danforth Locomotive Company, 24 
from the Schenectady, 10 from the Rhode Island, 
etc., only one being from Booth & Co., San Fran- 
cisco. Two have drivers 3 ft. 9 in. diameter; 
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about twenty have six drivers 4 ft. diameter ; twen- | 
ty-five have six drivers 4 ft. 6 in. diameter; forty 
have four drivers ranging from 5 ft. 6 in. to 5 ft.| 1867. Temporary works were improvised within 
diameter; sixty have four 5 feet drivers each ; and | the old walls. The new works are more than half 
two have four 5 {t. 6 in. drivers. Excepting two| completed, and will have cost about five hundred 
small locomotives, with two drivers each and 11 | thousand dollars. They are built of rough dressed 
in. cylinders, 15-in. stroke, the locomotives run | stone, and have slate roofs on iron trusses. Gas 
16, 17 and 18-in. cylinders and 22 and 24-in.| lighting and steam heating are extended to every 
stroke. The engines under contract have six driv- | part. 


(“yaa AND Aron Suops at BLoominecron.— 
/ The original shops at this place were burned in 


ers, 5 feet diameter, 18-inch cylinder, and 24-in.| The two engine houses (one completed) are 230 
ft. in diameter, for 28 locomotives each. The ma- 
chine shop will be 260 by 100 ft. with a wing 80 by 

| 45 ft., and engine and boiler house attached. There 


stroke. 
The Company owns 1,400 platform ‘cars, nearly 
all of which have been made at Sacramento. The 


total number of box cars on the road is 360, with | is to be a transfer table outside of this building. — 
an increase at the rate of 30 a week. Of composite | The smith shop is to be 200 by 100 ft.; the boiler 
baggage, mail and express cars, there are 17 in| shop 180 by 60 ft.; coal shed 125 by 40 ft.; iron 


work, and others constructing. Of hand cars and 
track cars and section cars, there are 123, and more 
making. The passenger cars are not very numer- 
ous ; but besides ten in use, four are making in the 
shops and there are ten contracted for in the East. 
The Company also own a handsome family carriage. 
The sleeping cars will come from the east, and 
will be kept on those sections of road where night 
traveling is done.—American Railway Times. 


1E-SPOTTING Macuine.—This device, built by 

Mr. Jauriet, of the Chicago Burlington and 
Quincy shops at Aurora, is thus described by the 
** Chicago Railway Review :’”’ Our readers are aware 
that rails are generally laid level upon the ties, with 
the result of bringing the whole weight of the car 
upon the inside of the rail and the inside of the in- 
clined rolling surface of the wheel. Mr. Jauriet 
conceived the idea of laying the rail so as to incline 
inwards on the same level as the surface of the 
wheel. The old hand process of doing this, with 
adze, is slow, unequal, and costs more than it comes 
to. The tie-spotting machine—attached to a car 
and transported from place to place on the line— 
may be generally described as consisting of two 
vertical shafts, with knives attached, to which the 
ties are brought by means of a chain-feed. The 
knives are adjustable, so as to ‘‘ spot ’’ at an angle, 
or in the ordinary manner. The machine is operated 
by the engine attached ; and requires, besides the 
engineer, six men to operate it, who do the work of 
from fifteen to twenty. A recent experiment re- 
sulted in the spotting of seventy-six ties in fifteen 
minutes. 


\HIcaGo, BurRLInGToN AND Quincy Snops at 
Avrora.—We condense the following from the 
“Chicago Railway Review :”’ The present old works 
at Aurora are to be enlarged as follows: Car shop, 
400 by 100 ft., two stories ; setting up shop, 200 by 
90 ft.; car machine shop, 100 by 90 ft.; car smith 
shop (nearly done), 200 by 90 ft.; paint shop, 200 
by 90 ft.; drying kilns, lumber sheds, a tin and 
brass shop and a fire proof engine and boiler house. 
The old engine house (40 stalls) will remain, and 
another will be added. The present machine shop 
is 185 by 50 ft., stocked with Bement’s and with 
Sellers’ tools, among which are 26 lathes, 8 planers, 
and 7 drilling and boring machines. The present 
smith shop is 80 by 50 ft., and has a 4,000 Ib. Be- 
ment-Davy hammer. The boiler shop is 60 by 50 
ft. There are also a brass foundry, an oil house, 
and a rail repairing shop. The locomotive superin- 
tendent is Mr. C. F. Jauriet, and the superintend- 
eut of the car department Mr. W. W. Wilcox. 


| house 80 by 50 ft.; foundry 210 by 60 ft., and clean- 
ing room attached, 50 by 45 ft. 

The car shop is 263 by 80 ft.; the car machine 
shop 200 by 75 ft. (2 stories), with outside transfer 
table and attached engine house; the paint shop 
172 by 75 ft. A two story office and store building, 
120 by 60 ft., is centrally situated. 

The superintendent of machinery is Mr. J. A. 
Jackman; the superintendent of the car shops is 
Mr. Rufus Reniff. 


OMMUNICATION BETWEEN PASSENGER AND 

GUARD TO BE ENFORCED IN ENGLAND.—The 
Act for the Regulation of Railways, passed last 
session, provided that “after the Ist of April, 
1869, every company shall provide and maintain 
in working order, in every train worked by it 
which carries passengers and travels more than 
twenty miles without stopping, such etticient 
means of communication between the passengers 
and the servants of the company in charge of the 
train, as the Board of Trade may approve. If any 
company make default in complying with this sec- 
tion, it shall be liable to a penalty not exceeding 
£10 for each case of default. Any passenger who 
makes use of the said means of communication 
without reasonable and sufiicient cause, shall be 
liable to a penalty not exceeding £5.” The Board 
of Trade have extended the time in order to afford 
further opportunity for further testing the merits 
of the numerous plans submitted to the companies. 


TEEL Raits.—Steel rails, it is reported, are to 
be laid on the entire length of the railroad from 
Paris to Marseilles. The change from iron to steel 
will require 137,000 tons of steel. From experi- 
ment made by the company, it has been calculated 
that in the vicinity of the stations iron rails will not 
last over eight or ten years. The steel rails, it is 
believed, will last thirty or forty years. The 
bridges are to be constructed of steel as soon as 
iron ores suited to the manufacture can be obtained 
in sufficient quantity. 

The Erie Railway Company have completed 
17,000 tons of steel rail on their road—not a broken 
rail since. They have purchased the New Jersey 
Iron Works and those at Elmira, and are now turn- 
ing out about 400 tons of steel rail every month. 
Within a year the whole line will be relaid.— 
American Journal of Mining. 


ocoMOTIVE BorLeR Expiosions.—No fewer than 
fourteen locomotives have exploded within the 
seven months ending June 1st, in the United States, 
killing twenty-nine persons outright and severely 
wounding a much greater number. 
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HE Broap GavGeE, as regards the midland dis- 

tricts of England, is now a thing of the past, the 
Great Western Railway Company having ceased to 
run any broad gauge passenger trains between Lon- 
don and Birmingham, Wolverhampton and Liver- 
pool. Already, too, on the branch between Read- 
ing and Basingstoke, the third rail has been remoy- 
ed, thus converting that line from a mixed gauge 
into an entirely narrow gauge line, and connecting 
the Great Western system with the London and 
South-Western Railway and the south of England. 
In addition to this, the whole of the broad gauge 
lines north of Oxford will immediately be taken up, 
removing in the midland counties the last trace of 
the system of one of the two great rival engineers, 
whose plans were so long hotly contested, and cele- 
brated as ‘‘ the battle of the gauges.” 


NOTHER BripGe Across THE MERSEY.—Messrs. 
William Low and George Thomas, civil engi- 
neers, have submitted to the Mersey Dock and Har- 
bour Board a letter and plans, illustrating their 
scheme of crossing the Mersey by means of a rail- 
way suspension bridge between Liverpool and Birk- 
enhead. It will consist of three spans, the center 
one 1,800 ft. in length, and the others 960 ft. each, 
and will be 140 {t. above high water mark. The 
bridge would unite the various railway lines in Lan- 
cashire and Cheshire. It will be under two miles 
long, and the total cost is estimated at £1,750,000. 
This would be the sort of thing to try our engineer- 
ing mettle before we venture to bridge the Irish and 
British channels. 


EW InpIAN Rattway.—Operations in connection 
with the laying out of a new and important line 
of railway communication have just been commencd 
by a statf of British civil engineers. The line is 
designed to connect Carwar, on the Malabar coast. 
and the cotton districts of Hooblee and Dhawar, 
with the probability of its being carried through 
into the Madras Presidency. The line is to be 
designated ‘‘The Southern Mahratta and Mysore 
Railway.” There will be formidable difficulties to 
contend with in “‘ carrying the line up the densely- 
jungled ghaut,’’ with an elevation of some 1,500 ft. 
The undertaking is to be carried out under the di- 
rect orders of the government. 


"ae Sr. Gornarp Raiway Scueme.—It is 
rumored that, in addition to a subvention of 
50,000,000f. to this scheme, Prussia is now ready 
to renounce her real or imaginary rights over the 
Swiss territory. The project has been well received 
in Switzerland, the Northern and North-Eastern 
Railways each contributing 9,000,000f., whilst the 
various German cantons will, it is expected, vote 
considerable sums in addition to the Federal sub- 
sidy. 
yy CHannet Bripce.—M. Boutet’s system of 
excessively long spans (3,282 yards) is being 


tested by models of one hundredth size, and upon 
the success of one, the ‘‘Journal Officiel de l’Empire 


Francais” says: “‘ The project of a bridge over 
straits makes each day further progress.” * * 
“The problem is resolved that bridges and viaducts 
of every size can be constructed in a single arch 
without piers from bank to bank !”’ 
HE Crevusort works have secured a fresh order 
for locomotives (fifty-five altogether) on Rus- 
sian account. 


the 
* 





Boar a prs to Aip Rattways.—During the five 
weeks’ session of Congress, thirty-one bills were 
introduced in the Senate alone contemplating grants 
of public lands, bonds, or credit, or all three, to 
railway projects. The land grants proposed vary 
from one to eighty thousand sections in each case, 
and amount in the aggregate to about two hundred 
million acres. 


pee pre vs. STEAMBOATS.—Drawing-room cars 
and steel rails are beginning to furnish those 
solid comforts which pleasure travelers have here- 
tofore considered peculiar to steamboats. The 
roominess, upholstery and decoration of steamboats 
are all that could be desired, but there should be 
better ventilaton of dining-saloons, less early blow- 
ing off of steam, and more polite attendance. 


ast Running.—Trains on the fast railway line 

between Liverpool and London can now be 
driven at the rate of fifty miles an hour, and the 
whole distance (200 miles) accomplished in four 
hours. There is no stopping for water, this being 
scooped up from troughs between the tracks while 
the train is running at full speed. 


onNECTICUT RiveR Bripce at MippLetTown.— 
The Keystone Bridge Company, of Pittsburgh, 
have contracted to build the new wrought iron 
bridge on the Boston, Hartford & Erie road at Mid- 
dletown, Ct. It will be of 1,200 feet span, and will 
cost $176,000. 


NEW BOOKS. 


EoLoGyY oF New Jersey. By authority of the 
Legislature. Gro. H. Coox, Geologist. 8vo. 
899 pp., with portfolio of eight large maps. Pub- 
lished by the Board of Managers, 1868. New York: 
D. Van Nostrand. 

This substantial volume gives the final report of 
the geological survey of New Jersey. The first 
survey of this State was made by Prof. Henry D. 
Rogers, the report of which was published in 1840. 
A subsequent survey was conducted by Dr. William 
Kitchell, geologist, and Prof. George H. Cook, as- 
sistant, during the years 1854, 1855 and 1856. But 
before the survey was completed, the failure of 
legislative appropriation compelled its close. The 
present survey was authorized in 1864, under Dr. 
Cook as geologist, and the result of the four years’ 
labor and investigation of him and his assistant is 
given in this volume. 

It consists of two distinct portions; the first, com- 
prising about one-third of the volume, is a strictly 
scientific exposition of the geological formations 
found in the State. The work, in this department, 
has been mainly expended in extending the geologi- 
cal systems of New York and Pennsylvania into the 
corresponding formations of New Jersey. This has 
not been entirely without difficulties, because not a 
few unsolved mysteries had been bequeathed by the 
geologists of the neighboring States. The task, 
however, has been thoroughly done, and much light 
has been thrown on the intricate questions of fossil 
and lithological geology. In the appendix to the 
volume will be found some valuable catalogues 
bearing on these scientific inquiries. 

The second portion of this work will be found to 
the general reader more interesting, and to those 
interested in developing the resources of the State, 
of the greatest value. It treats of the economical 
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products of the State with a fullness and thorough- | vanced electrician. Its author, who, though a 
ness which will be found equaled in no similar! young man, is a telegrapher of many years’ expe- 
work. In this respect Dr. Cook and the managers | rience, and has a thorough scientific knowledge of 
of this survey deserve the thanks of the people of | all that relates to the telegraph, goes very fully in- 
New Jersey and of her neighbors. To the agricul-| to the various branches of the subject—batteries, 
tural public this complete exposition of the extent, | magnets, circuits, and insulation. The book con- 
the value and the characteristics of those marvelous | tains a very complete description of the Morse or 
beds of marl, will be most acceptable. Literally | American telegraph system, explains the testing of 
this fertilizer has for New Jersey turned the wilder- | telegraph lines, gives notes on telegraphic construc- 
ness into a fruitful field. Many, for the first time, | tion, and hints to learners, and concludes with very 
will find in this work the first systematic and satis- | copious notes on various minor details.—4American 
factory explanation of its value as a fertilizer. To| Artizan. 


those interested in mining, the chapters on the iron 
regions will be found especially acceptable. A | 
special map is devoted to this region, and the loca- | 
tion and direction of all the known iron beds are here | 
laid out. It will surprise not a few to learn, from 

this work, that New Jersey, although standing 

twentieth in the scale of population among the | 
States of the Union, furnishes one-eighth of all the | 
iron, and in manufacturing iron stands fifth. 

In other economic products New Jersey is unu- 
sually rich. One-half of all the zine product of | 
the United States is derived from her mines. Her | 
clay beds furnish a vast variety of clay, from that | 
suited for manufacturing common brick to that | 
which will produce the tinest porcelain. She has | 
peat beds which will furnish a bountiful supply of | 
fuel when the coal beds of Pennsylvania are ex- | 
hausted. She has immense beds of sand, which is | 
in demand for the manufacture of glass, fire-brick, | 
and concrete stone. Her manufacturing interests | 
are scarcely less important than her agricultural. | 
Newark has grown to be a city of 120,000 inhabit- | 


ants, and is the third city of the Union in the value | 


of its manufactured products. 

Situated as New Jersey is, between the two 
greatest markets of the United States, she can 
never fail to be one of the most important sections 
of the country. Cheapness of transportation, the 
certainty of a market even for the most perishable 
products, the fertility of her soil, the industry, 
thrift and intelligence of her inhabitants, ensure for 
New Jersey a rapid development of her resources, 
and an unexampled career of prosperity. To this 
rapid development this valuable report of Dr. Cook 
cannot fail largely to contribute. The Legislature 
has wisely decided to continue the survey under the 
same admirable management for an additional 
period 


—— Practice or THE Euectric TELe- 
crapH.—A Handbook for Electricians and 


Operators. By Frank L. Porpg. New York: Rus- | 


sell Brothers, Publishers, 28, 30, and 32 Center 
street. 

During the quarter of a century which has elaps- 
ed since the introduction of the electric telegraph 
in the United States, those engaged in its service 
have been almost entirely dependent upon verbal 
instruction, and long practical experience, for a 
thorough technical knowledge of their profession. 
The works heretofore published on the subject have 
been of a popular rather than of a scientific or prac- 
tical character, or else of so elementary a nature as 
to be of little service except to very inexperienced 
students. 

The work before us, though very concise, is a 
treatise suitable for the practical electrician and 
telegraph operator; but it will also be found ser- 
viceable to the student as well as to the more ad- 


| | EHRBUCH DER GESAMMTEN TUNNEL-BAUKUNST. 
Von Franz Raina. Ernst and Korn, Berlin, 
1868. 


The fourth part of the second volume of this 


| magnificent work of Rziha’s, which we have noticed 
| at length in past pages of the ‘“‘ Practical Mechanics’ 


Journal,’”’ has appeared ; and all we need say of it 
is that it fully sustains the reputation of the preced- 
ing parts. 

In the present part the Belgian. German and 
Austrian systems (for they all differ a good deal) 
of tunneling are fully described and critically 
compared. This is followed by an elaborate 
comparative critique and estimate of costs, of 
timber-frame tunneling, with a chapter or two on 
the methods of lining with masonry under diverse 
conditions ; and these lead on to the commencing 
chapters, in which the author is about to describe 
his own peculiar system and construction of cast 
and wrought-iron moveable framing for tunneling 
without timber, of which we before now gave a 
tolerably complete sketch to our readers.—Practi- 
| cal Mechanics’ Journal. 


| [ EITFADEN zuR BerGBAuKUNDE &c. Von Ber- 
| 
| 44 rath H. Loprver. Bearb. u. herausg. von 
A. Serlo: Erste Liefrg. 
| We may fitly place this work after that of Rziha, 
| for it treats of a very analogous subject. Tunnel- 
|ing and shaft-sinking for railways have much in 
| common, and have infact borrowed much in prac- 
| tice from level and adit driving and shaft-sinking 
for coal and other mining. These last are the 
| operations here treated of, and treated of with the 
| ability we are prepared to expect from the reputa- 
| tion of Bergrath Lottner, well known in Germany 
for his grand maps and sections of the coal forma- 
| tions of Westphalia, &c., and as a Protessor of Min- 
ing in the Royal Mining Academy of Berlin. The 
| present part treats mainly of sinking and driving 
| through various “‘ ground,” and includes all the 
new machinery for boring and holing each, and the 
new and old explosive agents. The work will be 
completed in three large parts (or volumes, we may 
| almost call them,) with many illustrations by ex- 
| cellent woodcuts ; and the successive parts will 
|embrace every head of subject belonging to the 
| miner’s art, so far as the entering the ground, se- 
| curing it, and keeping the shafts, &c., level water 
and foul air free, are concerned. It excludes, as 
belonging to metallurgy proper, the treatment of 
| the material, of whatever sort, extracted by means 
|of the excavations made.—Practical Mechanics’ 
Journal. 


HE MANUFACTURER AND BuitpErR. May, 1869: 
New York. Western & Co., 37 Park row. 
| This monthly journal contains 78 columns of in- 
teresting matter and numerous engravings for 15 
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cents—a marvelously cheap technical publication. 
The articles in the May issue for instance, are 60 in 
number, 10 of which are illustrated ; the following are 
of special interest: The Telephone, Boiler Explo- 
sions, Beton building, Hydraulic Mortar, Hydroge- 
nium, Magenta (analine color), Church Architecture, 
Interior Decoration. A journal giving so much in- 
formation at such a price, deserves success. 
a ee Nationa ARCHITECT ; containing 
1,000 original Designs. Plans and Details to 
Working Scale, for the Practical Construction of 
Dwelling Houses for the Country, Suburb and Vil- 
lage. With full and complete sets of specifications 
and an estimate of the cost of each design. By 
GreorceE E. Woopwarp, Architect, Author of 
“Woodward’s Country Homes,’ ‘* Woodward's 
Cottages and Farm-houses,” etc., etc., and Epwarp 
G. Tuompson, Architect. New York: George E. 
Woodward, 191 Broadway. 

High rents and close quarters are driving the in- 
habitants of cities like New York into the gountry 
with unprecedented rapidity, and, thanks to our 
railroads, it is now nearly as easy to live twenty 
miles out of town as to live in the upper part of the 
city. The loss of time is about as great in the one 
case as in the other, while the advantages of a real 
country residence are so great, especially to children, 
that no sensible man will stay in the city if he can 
possibly make his escape. To those who contem- 
plate taking a part in this exodus the work we have 
just recited will prove invaluable. It is filled with 
chaste designs for conveniently arranged dwellings. 

The plan of the work embraces designs for houses 
of moderate valuations, estimated at New York 
prices as a basis, with such detail prices as will 
enable one to ascertain the cost, in his own locality, 
by comparison with the ditterent rates of prices that 
. always exist in different sections of the country.— 
The forms of specifications given are such that 
they may be adapted to any of the designs, so that 
full and final estimates can be obtained from local 
builders. To builders and architects residing in 
the country this work must prove invaluable.— 
Manufacturer and Builder. 


Dictionary. Philadelphia: T. Ellwood Zell. 

rt XI. 1869. 

It is not many years since a comparatively small 
cyclopedia sufficed to contain exhaustive articles on 
almost every branch of human knowledge. How 
has all this changed! Some of our modern cyclo- 
pedias which deal with a single science contain as 
much matter as the first edition of the ‘‘ Encyclope- 
dia Britannica.”” At the same time, the tendency 
is toward condensation ; and in the popular ency- 
clopedias of to-day, we find dismissed in a single 
line a subject which a few years ago would have 
been expanded intoa page. This holds particularly 
in relation to the well-known and deservedly popu- 
lar cyclopedia published by the Messrs. Chambers, 
of Edinburgh. The same feature is prominent in 
the cyclopedia before us. In short, it combines the 
characters proper to both a cyclopedia and a dic- 
tionary. Thus we find not only such nouns as am- 
bition, ambler, ambling, but adjectives like ambi- 
tious and adverbs like amblingly. On the other 
hand, such articles as ammonia are extended far 
beyond the limits of a mere definition, and present 
all the really valuable facts that are-of interest to 
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popular readers. We see that the editor has wisely 
avoided the futile attempt to supply the wants of 
| professional men, who must, in all cases, rely either 
| upon their own knowledge, or upon the assistance 
| of purely technical works. We refer to such sub- 
| jects as alcoholometry, alkalimetry, etc. In most 
| popular cyclopedias, these purely technical depart- 
| ments of the chemist’s art are either treated at an 
unreasonable length o1 described so superficially as 
| tolead to error. The editor of ‘ Zell’s Cyclopedia” 
| has avoided both these dilemmas. The publishers 
| engage that the cost of the work, when completed, 
| Shall not exceed $25, and we know of no means of 
| procuring the same amount of valuable information 
| at such an easy rate.—Manufacturer and Builder. 


‘moKING Fires, THEIR Cause AND CurE. By 

the Rev. ALEXANDER Cotvin Arnsuiz, M.A., 

Vicar of Corfe, Somerset. For sale by Van Nos- 
trand. 

‘ Where there is smoke there is fire,’’ says the 
adage, but where there is smoke there is too often 
no light—to point out its cause or remedy—if the 
smoke be that of a house chimney. The puffing 
back, or even in some cases streaming back of 
smoke into a room, can be avoided or cured, and 
ought never to happen, though the fact is that 
there is scarcely a building even of the first class in 
which some of the chimneys do not smoke. That it 
is due in great part to the practical ignorance of 
first principles on the part of architects and house- 
builders, and to the carelessness of both to almost 
everything but to getting “‘the job done and paid 
for,’ is certain. 

Parson Ainslie has written by far the best treatise 
on the subject that has been produced. ‘ The 
ascent of heated air and smoke is governed by cer- 
tain known laws,” he says in his introduction; 
“and the object of the following pages is to explain 
those laws as concisely as possible, and to point out 
the causes which most commonly modify or inter- 
fere with their action, and produce results app:- 
rently contradicting scientific theory.’’ He does so 
in a brief and lucid manner, and then applies these 
laws to nearly all the examples of smoky chimneys 
occurring or likely to occur in practice, and deduces 
rules for guidance that even the least philosophical 
of bricklayers can scarce fail to comprehend and 
readily be guided by.— Practical Mechanics’ Journ. 


NNUAL OF ScrentTiFicC Discovery, ETC., FOR 

1869. Edited by Samuen Knee ann, A. M., 

M.D., etc. 12mo, pp. 877. Boston: 1869. Gould 
& Lincoln. 

This old acquaintance is always an agreeable re- 
minder of its predecessors of former years, as well 
as of numerous discoveries, facts and principles in 
various departments with which we are, as fellow 
laborers in the great field, more or less familiar, but 
which it is always pleasant to find marshaled in an 
orderly and compact manner, under their appropri- 
ate heads. Every such review of the year must of 
necessity be imperfect and unequal as an exposition 
of all that has been done, but even a cursory glance 
at Dr. Kneeland’s Annual will show any fair-mind- 
ed reader the vast variety of topics which now en- 
gage the attention of scientists, and the pains-taking 
care with which the editor has endeavored to pre- 
sent the most important results. The notes by the 
editor, forming an introduction to the volume, give 
an interesting summary of the progress of science 
for 1868.— American Journal of Science and Art. 
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= Screw Prorursion. By N. P. Burau, 
eugineer. London: E. and F. N. Spon, 48 
Charing Cross. For sale by D. Van Nostrand, 23 
Murray street, New York. 

Mr. Burgh’s treatise on screw propulsion, which 
was to have been completed in tifteen parts, has 
been extended to sixteen. This extension has been 
decided upon in order that the work may embody 
some very recent important matter on screw pro- 
pellers, which has been exclusively given to the 
author by our leading marine engineers. The author 
has thus exercised a wise discretion in thus extend- 
ing his work, and to which none of his readers will 
object. Parts X111, XIV and XV of this treatise 
are now before us; they are chapters on a new 
principle of the screw propeller, by Mr. Arthur 
Rigg, who has made some very interesting experi- 
ments with the screw, the results of which he here 
embodies. Mr. W. Langdon supplies a chapter on 
thrust blocks, and Mr. Burgh foliows with another 
on the same subject. In Chapter XX, Mr. Burgh 
reviews comparatively the whole family of modern 
screw propellers as constructed by our principal 
marine engineers. In the succeeding chapter, Mr. 
Burgh gathers into a focus the opinions and ideas 
of all the engineers who have contributed to his 
treatise. In this chapter, the last page of Part XV 
finds us. The illustrations of these three numbers 
consist of lifting frames for the screw propeller, 
the feathering screw of the *‘ Aurora,’’ and the 
details of the methods of screw propulsion adopted 
in various other vessels.—Mechanic’s Magazine. 


™ Painter, GILDER ANB VARNISHER’s Com- 
pANION. Thirteenth edition, revised, with an 
Appendix. Philadelphia: Henry Carey Baird ; 
New York: S. R. Wells, 389 Broadway. 





This book contains rules and regulations in every- 
thing relating to the arts of painting, gilding, var- | 
nishing, glass-staining, graining, marbling, sign- | 
writing, gilding on glass, and coach painting and | 
varnishing. It also gives tests for the detection of 
adulterations in oils and colors, and a statement of | 
the diseases to which painters are peculiarly liable, 
with remedies. It is several years since the first | 
edition of the book was published, and as new 
editions have been gotten up, additions have been 
made to bring the work up to the time. The ap- 
pendix added to the present edition comprises 
descriptions of a great variety of additional pig- 
ments, their qualities and uses, with additional in- 
formation on dryers, and also contains an explana- 
tion of Chevreul’s principles of harmony and con- 
trast of colors.— American Artizan. 


\REATISE ON THE Power or Water. By 

Joseru Giynn, F. R. S. D. Van Nostrand: 
New York, 1869. 

(Second Notice.) We have had occasion, since 
receiving this book, to study the literature of water 
power, professionally and commercially. This fact, 
together with the corresponding fact that our diffi- 
culties have been solved by reference to this book, 
prompts us to acknowledge its merits in a more de- 
cisive form. 

There are rules, in the professional pocket books, 
for measuring the flow of water, but it has been re- 
served for people who sell water, or pay for it, to 
observe a notable variation in the results of position 
and shape of orifices through which water is dis- 
charged. If all the information extant is not em- 





bodied in the work under consideration, there is 
enough to solve all ordinary cases. 

In addition to the usual historical notice and to 
the wonted tribute to the power and functions of 
water, this book contains much interesting informa- 
tion upon the sources of water supply and upon 
water wheels. It is quite well illustrated and the 
subject appears to have been very carefully and ex- 


haustively investigated by the author. 
: AMERICAN ExcHANGE AND Revirw.—A 
miscellany of useful knowledge and general 
literature. Especially devoted to Finance, Mining 
and Metallurgy, Insurance, Railways and Trans- 
portation, Manufactures, Patents, Trade, Commerce, 
Art, Joint Stock Corporation Interests, Physics, 
Social and Economic Science. Fowler & Moon, 521 
Chestnut street, Philadelphia. 

This isa monthly of considerable value to students 
in the subjects mentioned above, and of no little 
interest to the general reader. It is a sort of con- 
necting link between our literary and scientific 
serials. The department of mining and metaliurgy 
is conducted by Prof. H. S. Osborn of Lafayette 
college, and is specially complete and interesting. 


Saprer’s MANvuAL, For ENGINEER VoLvN- 
TEER Corps. By Captain FRANKLAND, R. E. 


Published under War Office authority. 

ints ON House DEFENCE 

By Captain Youna, 18th Royal Irish. 
ington, New Zealand : Lyon. 


AND BLOCKHOUSES. 
Well- 


MISCELLANEOUS. 


ILVER PLATING—OLp AND New Processes.— 

The following is compiled from the Birming- 
ham correspondence of ‘‘The Engineer.”’ The 
old-fashioned process was this : 

An ingot of copper, ordinarily weighing about 
nine pounds, and which had an alloy of brass of 
one-fifth its weight, was first planed and then filed 
to a perfectly level surface on both sides; the ingot 
of silver, containing about 3 per cent of alloy, was 
rolled to the required thickness for the different 
qualities of metal to be plated. This was cut into 
suitable lengths, the weight of the piece of silver 
varying according to the quality, the lowest being 
about 16 dwts. for the 9 lbs. of copper for one side 
only, and increasing to 6 0z or 8 0z. The piece of 
silver was about j in. less than the surface of the 
copper. It was scraped quite clean on the side 
next to the copper, great care being necessary 
that every imperfection should be removed; the 
two bright surfaces were then laid together and 
“*bedded,’’ by placing a heavy piece of iron on the 
silver, and striking it with a sledge-hammer till 
every part of the two surfaces touched. <A strong 
piece of sheet copper was then laid on the silver, to 
keep it from rising during the process, and also to 
prevent the wires, which were used to bind the two 
pieces together from cutting the outer parts of the 
silver plate. A solution of borax was then laid 
round the edges of the silver to act asa flux. The 
ingot thus prepared was then heated in a small fur- 
nace until a bright line round the edges of the 
silver indicated that the union was effected. The 
ingot was then carefully removed from the fire and 
cooled gradually. When cold, the wires were cut, 
the copper plate taken away, the edges carefully 
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filed, and the plated ingot was then ready for the 
roller. 

In the year 1840 the plated ware trade under- 
went a complete revolution. The process just de- 
scribed was superseded by an invention of Messrs. 
Elkington, now so well known as electro-plating. 
by which silver is deposited with accuracy and 
certainty by the aid of galvanism. This process is 
essentially dependent upon the original discovery of 
Volta, the alchemist, in 1799, on which various 
inventions had been subsequently based. Messrs. 
Elkington were, however, the first to apply the 
process successfully to the purposes of practical in- 
dustry, and their enterprise in this direction took 
the old-fashioned platers by storm. The opposition 
they encountered was immense. 

The process of plating at Messrs. Elkington’s 
factory is thus described: The article having been 
thoroughly cleansed, it is plunged first of all into a 
solution of cyanide of mercury to prevent any 
oxidation, as well as to secure a perfect adhesion 
in the plating. It is then transferred to the plating 
vat, which is divided by plates of silver into regular 
compartments, the articles being suspended on brass 
rods with copper wire, and so arranged as to expose 
an equal amount of surface in each compartment to 
receive the deposit of silver. The operation of 
plating is so nicely regulated that the rate at which 
the silver is being deposited is correctly known, 
and the large amount of 24 oz. per hour is de- 
posited, perfectly smooth and extremely hard. 
This, with the thickness of silver, accounts for the 
great durability of the articles manufactured by 
Messrs. Elkington. There are several large vats in 
use, so that some idea may be formed of the large 
amount of silver deposited in one day. When the 
article has been in the vat a sufficient length of 


time it is taken out, rinsed in cold water, and | 
dried. After that it is carefully weighed, and the | 
exact amount of silver on the article is at once seen | 


and registered. In addition to the ordinary bat- 
teries used in plating, a very large magneto-electric 
machine is in constant work. 


gee Paper anp Citoru.—The Florence 


correspondent of the New York ‘“ Times”? | 


(Mar. 27) gives a long account of this new manu- 
facture. Crude asbestos resembles bleached hemp, 
with long, shining fibres, which may be twisted into 
threads and woven into cloth, or converted into 
pulp and made into paper. Asbestos is plentiful in 
various parts of Italy, and the new processes of 
treatment have been introduced there. The an- 
cients, however, used asbestos cloth for embalming, 
and specimens of it are found at Pompeii. The 
great value of paper made from this substance is 
its indestructibleness, either by fire or by decay. 


H making experiments with the view of ascertain- 
ing the heat of the stars. He employed a thermo- 
pile, the face of which was placed in the focus of a 
telescope. The pile was connected with a galvano- 
meter. The following results were obtained: The 
mean of a number of observations of Sirius, which 
did not differ greatly from each other, gives a de- 
flection of the needle of 2°. The observations of 
Pollux 14°. No effect was produced on the needle 
by Castor. In one observation Arcturus deflected 
the needle 3° in 15 minutes. Regulus gave a de- 
flection of 3°. The observations of the full moon 


EAT OF THE Srars.—Mr. Huggins has been 


were not accordant. On one night a sensible effect 
was shown by the needle, but at another time the 
indications of heat were excessively small, and not 
sufficiently uniform to be trustworthy. It should 
be observed that several times anomalous indica- 
tions were observed, which were not traced to the 
disturbing cause. The results are not strictly com- 
parable, as it is not certain that the sensitiveness of 
the galvanometer was exactly the same in all the 
observations; still it was probably not greatly dif- 
ferent. 


ger eee or sepiolite, better known as ‘ meer- 
schaum,”’ is found in masses in stratified allu- 
vial deposits among serpentine. It is a product of 
the decomposition of carbonate of magnesia, its 
composition is silica 60.8, magnesia 27.1, water 
12.1 in 100 parts. Meerschaum is found in Asia 
Minor in the plains of Eskii-Sher or Eski-Schehir, in 
Greece, at Egribos in the island of Negropont, in 
the isle of Samos, at Kiltschik in Natolia, in the 
Crimea, at Hrubschitz in Moravia, in Morocco, at 
Vallecas in Spain (where it is used as a building 
stone), at Baldissero in Piedmont, in Cornwall, in 
France (in the departments of the Gard, of Seine et 
Marne, and of the Seine); but the most remarkable 
quarries woiked at present are situated at Brussa, 
at the foot of Mount Olympus. When first dug up 
it is damp, soft and greasy. The Tartars use it as 
soap to wash linen, and the Arabs of Algeria in the 
manner in the Moorish baths. In masses it floats 
on water. The color is grayish-white, white, or 
with a faint yellowish or reddish tinge. 





OAL ASHES AS A FERTILIZER.—A series of ex- 
periments conducted at the Museum of Natural 

| History, Paris, during the past year, by Professor 
Naudin, on the value of coal ashes as a fertilizer, 
| has resulted in the conclusion that they are neither 
a manure nor even earth of the most infertile quali- 
ty. An opinion to this effect has prevailed in this 
| country pretty generally, but it is certain that upon 
| heavy clays, they act as a disintegrator if nothing 
|else. This effect is not, we are convinced, merely 
; mechanical, as a very small amount of coal ashes is 
| sufficient to destroy the adhesiveness of a large 
amount of clay. At least this was the case in a re- 
; cent experiment of our own, tried in accordance 
| with the advice of one of the most accomplished 
| florists in New York State. By the application 
| of sifted coal ashes with a very small proportion of 
| well rotted horse manure, we were able to make a 
| thrifty flower garden the first season, upon one of 
| the stiffest soils it has ever been our lot to own.— 


| Scientific American. 
| 
| M*: Anprew SuHayks, inventor of the double 
slotting drill, and designer, und maker of much 
| heavy and ingenious machinery, well known in Eng- 
land, died recently at Hastings. ‘‘ Engineering” 
| says, and we can certainly indorse the following: 
| “His universal readiness to assist in carrying out im- 
| provements, or afford information on engineering 
subjects, are too well known to all who ever had oc- 
| casion to apply to him, and his death, with such a 
| vast amount of unrecorded practical information, 
| must be regarded as a serious loss.”’ 


| Dormer Expiosions.— During the past seven 
} months there have been in the United States 
| sixty-one boiler explosions, the great majority of 
| them involving loss of life. 





